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HE assumption that testosterone is secreted by the human testis is 

based on good but indirect evidence. Testosterone is the most potent 
naturally-occurring androgen and has been isolated from extracts of the 
testis (1). Isolation of a hormone from a glandular extract, however, does 
not necessarily imply secretion from the gland. Additional evidence is pro- 
vided by the fact that the administration of testosterone will prevent the 
involution of the accessory sex organs and secondary sex characteristics 
which otherwise occurs in men and in male animals following castration. 
Such biologic activity, however, is shared by several steroids, some of 
which have also been isolated from extracts of testes. 

With the development of sensitive chemical methods for the identifica- 
tion of steroids in blood, an attempt was made to characterize the secre- 
tory products of the human testis by analyzing blood from the spermatic 
veins and arteries of patients with prostatic cancer undergoing surgical 
‘astration. Differences in steroid content between the arterial and venous 
testicular blood were employed to determine which hormones were se- 
creted by the testis. This report is concerned with the identification of tes- 
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tosterone in human spermatic vein blood. The fact that testosterone was 
found in the venous blood and was not present in the arterial blood pro- 
vides strong evidence that this steroid is a true secretory product of the 
human testis. 


MATERIALS AND METHODS 


Clinical material. These studies were carried out on 8 previously untreated patients 
with carcinoma of the prostate. The ages of the patients ranged from 50 to 74 years, 
with an average of 62.6 years. 

Clinical methods. Bilateral orchiectomy was performed as a therapeutic procedure on 
all 8 patients. Prior to removal of the testes, both spermatic cords were exposed through 
low bilateral inguinal incisions and the spermatic arteries and veins dissected free. A 
suitable vein was severed on each side and venous blood from the testes collected in 
heparin. An approximately equal volume of blood from the spermatic artery of each 
patient was collected and analyzed in an identical manner and in parallel with the venous 
blood. Arteria!-venous differences were used to establish which hormones were secreted 
by the testis. From the 8 patients a pooled total of 1485 ec. of blood was collected from 
the spermatic veins and 1752 ec. from the spermatic arteries. 

Analytical methods. Immediately upon collection in the operating room, each blood 
sample was poured into a centrifuge bottle containing 4.5 volumes of 95 per cent ethanol. 
The mixture was stirred vigorously for ten minutes, after which the precipitated blood 
proteins were removed by centrifugation. The protein precipitates were washed three 
times with hot absolute ethanol and discarded. The original alcoholic supernatant liquid 
and the aleohol washes were combined and the alcohol removed by vacuum distillation 
at 35° C. The aqueous residue was extracted five times with 500 ce. of ether to obtain 
the free, unconjugated steroids. The remaining aqueous phase was hydrolyzed by re- 
fluxing at pH 1 for thirty minutes, and extracted with ether. This fraction, containing 
the conjugated steroids, was saved for future analysis. 

The unconjugated steroids were dissolved in toluene and the phenolic fraction ex- 
tracted with IN NaOH. The neutral fraction remaining in the toluene was obtained in 
the conventional manner, ‘‘defatted”’ by partitioning between hexane and 70 per cent 
KtOH, and separated into neutral ketonic and neutral non-ketonic fractions by means 
of Girard’s reagent. At this stage, all similar neutral fractions from individual patients 
were combined into respective pools for arterial and venous blood. 


RESULTS 


The neutral ketonic fractions from arterial and venous blood were an- 
alyzed separately in parallel for testosterone by means of paper chroma- 
tography, using methods developed by Zaffaroni (2) and Bush (3), and by 
countercurrent distribution as described by Engel, Slaunwhite, Carter and 
Natharson (4). 

A preparative paper chromatogram was used first to achieve further 
purification. The neutral ketonic fraction of venous blood was applied to a 
10-cm. starting line and the paper chromatogram developed for sixty hours 
with cyclohexane saturated with propylene glycol as the mobile phase, and 
propylene glycol as the stationary phase. Testosterone reference standards 
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were run simultaneously in the same tank. After sixty hours, the testoster- 
one standards had moved 7.5 em. from the starting line, as detected by 
scanning the dried paper chromatogram in ultraviolet light. There was 
ultraviolet-absorbing material on the unknown paper chromatogram which 
had moved the same distance from the starting line as the testosterone 
reference standards. This area of paper was cut out, eluted with methanol 
and re-applied to a second paper chromatogram, which was developed for 
twenty hours with cyclohexane and toluene (1:1 by volume) using pro- 








Fig. 1. Diagramof the paper chromatographic anal- 
ysis for testosterone in sperratic vein blood by the 
method of Zaffaroni. A and C = testosterone reference 
standards; B=extract from spermatic vein blood. 
The paper chromatogram was developed for twenty 
hours with cyclohexane and toluene (1:1 by volume), 
using propylene glycol as the stationary phase. 
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pylene glycol as the stationary phase. The dried paper chromatogram was 
scanned in ultraviolet light and an area that absorbed ultraviolet light was 
observed 29 em. from the starting line, which corresponded with the dis- 
tance moved by the testosterone reference standards (Fig. 1). 

The testosterone zone was eluted from the second paper chromatogram 
and analyzed by countercurrent distribution in a 100-tube, all-glass coun- 
tercurrent distribution instrument designed by Craig, Hausmann, Ahrens 
and Harfenist (5). The composition of the solvent system was 60 per cent 
ethanol; 40 per cent water: 50 per cent ethyl acetate; 50 per cent cyclo- 
hexane. The equivalent amount of testosterone in each tube after a 100- 
transfer distribution was measured by the absorption in the ultraviolet 
range at 240 mu. The resultant countercurrent distribution curve is shown 
in Figure 2. The analysis curve agreed well with the theoretical curve for 
testosterone calculated by the method of Craig and Craig (6), yielding 
additional evidence for the existence of testosterone in testicular venous 


blood. 
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Blood from the spermatic artery was analyzed in an identical manner 
and in parallel with blood from the spermatic vein in order to detect ar- 
terial-venous differences in steroid content. Paper chromatography by 
Zaffaroni’s technique failed to reveal any ultraviolet-absorbing material 
similar to testosterone in the arterial blood. The fractions from the paper 
chromatograms of the arterial blood which should have contained any 
testosterone present were analyzed by countercurrent distribution in the 
same way as those of venous blood. The countercurrent distribution 
curve obtained is plotted in Figure 2, for contrast with that-obtained from 
the venous blood. Comparison of the two curves reveals the probable ex- 
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Fig. 2. Countercurrent distribution analysis for testosterone in spermatic arterial 
and venous blood. Broken line with circles =arterial blood; solid line with dots = venous 
blood; plain broken line = theoretical curve for testosterone. Solvent system: 60 per cent 
ethanol; 40 per cent water: 50 per cent ethylacetate; 50 per cent cyclohexane. Partition 
coefficient (K) for testosterone, 0.7. 


istence of testosterone in venous blood from the testes, but not in the ar- 
terial blood flowing to the testes. This arterial-venous difference is good 
evidence that the testes secreted testosterone into the bloodstream. 

The peak tubes from the countercurrent distribution of the venous blood 
sample were combined and analyzed further by a method of paper chroma- 
tography developed by Bush (3), which involves different principles and 
solvents from those used in the Zaffaroni method. A biphasic solvent sys- 
tem composed of 100 per cent petroleum ether: 80 per cent methanol and 
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20 per cent water was used. After an 
equilibration period of twenty-four 
hours at 23 +1° C., the paper chro- 
matogram was developed with the 
upper phase of this solvent system 
for twenty-four hours. Testosterone 
reference standards were run simul- 
taneously. 

An ultraviolet photograph of the 
resulting paper chromatogram is 
shown in Figure 3. As can be seen 
from the photograph, the middle 
spot—the sample from spermatic 
vein blood—had moved the same 
distance from the starting line as 
the testosterone reference standards 
on each side, thus providing addi- 
tional evidence of the presence of 
testosterone. 

It was estimated that the amount 
of testosterone in this fraction was 
approximately 10 micrograms, judg- 
ing by the degree of absorption of 
ultraviolet light in comparison with 
the testosterone standards. 

The material corresponding to 
testosterone was eluted from the 
paper chromatogram, dissolved in 
abolute ethanol, and analyzed for 
androgenic activity by topical ap- 
plication to the combs of baby 
chicks, using the biologic assay 
method of Rakoff, Paschkis and 
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Fic. 3. Ultraviolet photograph of the 
paper chromatographic analysis of sper- 
matic vein blood for testosterone by the 
method of Bush. S=starting line; A= 
artifact line; B & D=5y testosterone 
reference standard; C=spermatic vein 
extract. 


Cantarow (7) as modified by Munson and Sheps (8). The results in com- 
parison with controls and standards are shown in Table 1. The difference 
between the effect of the eluate and of ethanol alone was significant at 
P <0.001 by the t-test. The potency of the total eluate, estimated statisti- 
cally in the usual manner, was equivalent to 6.0 micrograms of andro- 
sterone, with 68 per cent confidence limits of 3.5 to 11.0 micrograms, 
and 95 per cent confidence limits of 2.0 to 19.0 micrograms. In this bio- 
logic assay method, testosterone is 39 per cent as active as androsterone 
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TABLE 1. RESULTS OF BIOASSAY OF FINAL PRODUCT FROM HUMAN SPERMATIC VEIN 
BLOOD FOR ANDROGENIC ACTIVITY 





Mean response | 
Test material No. of chicks |100Xlog comb. wt., mg. | 
{ body wt., dkg.) 








Eluate 78.5 
Ethanol only 54.3 
Androsterone, 0.1 yg. 76.2 
Androsterone, 0.8 ug. ‘ 99.6 


Standard deviation for the assay, 11.2. Lambda for androsterone, 0.43. 


(68 per cent confidence limits: 32 to 48 per cent). Therefore, the total 
androgenic activity of the eluate was approximately equivalent to 15 micro- 
grams of testosterone. This value agreed well with the amount estimated 
by ultraviolet absorption. 

DISCUSSION 


In this investigation, a compound has been obtained from human sper- 
matic vein blood which is soluble in organic solvents, neutral and ketonic 
by the Girard T reaction. Its movement in three sequential analyses by 
paper chromatography in three different solvent systems was identical with 


that of authentic testosterone. Its distribution curve by countercurrent dis- 
tribution, using a fourth and different solvent system and 100 transfers, 
agreed with the theoretical curve for testosterone. The final product was a 
biologically active androgen by the chick comb test. Furthermore, there 
was reasonably good agreement between the amount of testosterone esti- 
mated to be present by the biologic assay method and that determined by 
ultraviolet absorption. On the basis of this evidence, it was concluded that 
this androgenic compound in human spermatic vein blood is testosterone 
and, because none was found in arterial blood flowing to the testes, that 
testosterone is secreted into the blood stream by the human testis in situ. 

It is not surprising that testosterone should be found in human spermatic 
vein blood, since it has been identified previously in the testicular venous 
blood of dogs by West, Hollander, Kritchevsky and Dobriner (9), and in 
perfusates of human testes by Savard, Dorfman and Poutasse (10). Both 
groups of investigators demonstrated that A‘-androstenedione-3,17 was 
also a secretory product of the testis under the conditions of their respec- 
tive studies. It has been postulated on the basis of physiologic observations 
that the testis may secrete other hormones besides testosterone which may 
regulate the secretion of gonadotropins by the anterior pituitary (11). For 
this reason, analyses of the phenolic and other neutral fractions are 
planned. 
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This type of investigation may also contribute to a better understanding 
of the role of the testis in cancer of the prostate. Since androgen is essential 
to the normal growth and activity of the prostate and to the optimal 
growth of at least some neoplastic prostatic tissue, the beneficial effects of 
castration in patients with cancer of the prostate are usually attributed to 
the removal of the principal source of androgen from the body. Five of the 
patients in this study obtained clear-cut objective remissions following 
castration; 3 had possible objective remissions; and all 8 had definite sub- 
jective improvement. The demonstration that the testes in these old men 
with prostatic cancer produced testosterone lends support to the thesis 
that androgen withdrawal accounts for the beneficial effects of castration, 
but does not prove it. Observations by Brendler, Chase and Scott (12) and 
Hollander, West, Whitmore and Pearson (13), concerning the administra- 
tion of testosterone to patients with metastatic prostatic carcinoma, indi- 
cate that testosterone may fail to exacerbate the disease in some cases and 
may produce subjective remissions in others. Such observations suggest 
that the mechanism of castration remission may involve more than simple 
androgen withdrawal, at least in some patients. It is conceivable that the 
testis may secrete hormones besides androgens which are also involved in 
the genesis and/or growth of prostatic cancer. Isolation studies on testicu- 
lar venous blood should help to provide an answer to this question. 


SUMMARY 


Testosterone was identified in spermatic vein blood from patients with 
carcinoma of the prostate by means of multiple sequential analyses by 
paper chromatography and countercurrent distribution and by bioassay 
methods. Parallel analyses carried out on blood from the spermatic arteries 
of the same patients revealed no testosterone. The conclusion is drawn from 
these observations that testosterone is a true secretory product of the hu- 
man testis. 
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ALDOSTERONE EXCRETION IN PREGNANCY* 
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OLLOWING the isolation and characterization of the salt-retaining 

factor of the adrenal cortex by Simpson et al. (1), considerable interest 
has been aroused regarding its regulatory action on electrolyte and fluid 
balance. The original observation of Deming and Luetscher (2) that this 
hormone, now called aldosterone, is excreted in increased amounts in 
edematous conditions has been confirmed by other investigators. In earlier 
studies, Chart et al. (3), Venning et al. (4) and Gordon et al. (5) found that 
patients with toxemia of pregnancy excreted relatively large amounts of a 
sodium-retaining factor, whereas in the normal gravid woman amounts 
only slightly above those in the non-pregnant state were observed. Re- 
cently, using acid and 6-glucuronidase hydrolysed urine, Venning and 
Dyrenfurth (6) reported that normal pregnant women at term excrete from 
16 to 34 micrograms (ug.) of aldosterone per day in comparison with the 
normal range of from 1 to 6 wg. per day for non-gravid women. In the 
present study we have measured aldosterone excretion throughout gesta- 
tion and have attempted to correlate the output of this hormone with clini- 


eal findings. 


METHODS AND CLINICAL MATERIAL 


Aldosterone. The bioassay of aldosterone was carried out by a modification of the 
Singer-Venning method (7) which measures the effect of this hormone upon sodium ex- 
cretion in the adrenalectomized rat. A 10-hour aliquot of urine acidified to pH 1.5 was 
extracted immediately with chloroform and again after standing at room temperature 
for twenty-four hours: The extracts were washed with small amounts of weak alkali and 
water. The residue was applied to a paper strip and was chromatographed in the Bush 
B5 system at room temperature. The aldosterone fraction was eluted and submitted to 
bioassay. Standard amounts of desoxycorticosterone acetate were run with the test. In 
Patient S.B. (Case 4) the urinary extracts were assayed at 10-minute and 30-minute 
volume levels; the other cases were assayed at the 30-minute volume dose only. 

17-Hydroxycorticosteroids. The urinary corticoids were determined by the Silber- 


Received July 16, 1956. 
* These studies were supported in part by a grant from the National Research Coun- 


cil of Canada. 


473 





474. VENNING, PRIMROSE, CALIGARIS AND DYRENIFURTH — Volume 17 
Porter method following B-glucuronidase hydrolysis (8). The standard used was hydro- 


cortisone. 


Case 1 

A.F. This 32-year-old woman, para i, gravida ii, had a normal course throughout 
pregnancy (Fig. 1). The total gain in weight was 34 pounds, and in the last trimester she 
was restricted with regard to table salt. During this period her sodium intake was ap- 
proximately 100 mEq. per day. The delivery was normal except for a retained placenta, 
which was removed manually. 

On the forty-second day of pregnancy, the aldosterone excretion was within the nor- 
mal range, it was slightly higher on the seventy-second day and on the one hundred and 
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Fig. 1. Case 1. Excretion of aldosterone and 17-hydroxycorticosteroids in a normal 
pregnant woman. Parturition occurred on day 289. The upper curve represents weight, 
the middle curve aldosterone excretion, and the lower curve 17-hydroxycorticosteroid 


excretion. 


forty-fifth day it was definitely above normal range. From then on it gradually increased 
until twelve days before delivery it had reached a peak of 22 yg. per day. It remained ata 
high level until the day after delivery. Five days later it had decreased to a level of 4 ug. 
per day. The moderate salt restriction carried out in the last trimester may have caused 
the further increase in aldosterone excretion. However, in other cases of normal preg- 
nancy studied for short periods of time near term, similarly high values have been ob- 
served. There was no clinical edema nor increase in blood pressure throughout gestation 
in this patient. The laboratory findings were within normal range. The urinary 17-hy- 
droxycorticosteroids increased progressively throughout pregnancy, reaching a level of 
8.0 mg. daily six days before parturition. Following delivery the excretion decreased to 


1.4 mg. daily. 
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Case 2 

R.S. This patient, aged 35, parai, gravida iv (Fig. 2), was given progesterone intramus- 
cularly for thirteen weeks (beginning on the forty-sixth day of pregnancy), because of 
low pregnanediol excretion and a history of early miscarriages. Following this treatment 
the pregnancy appeared to have a normal course. The patient had a depressive psychosis, 
which improved as the gestation progressed. There was no edema and no increase in 
blood pressure. Up to the two hundred and fiftieth day, the total gain in weight was 26} 
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Fig. 2. Case 2. Excretion of aldosterone in pregnancy. Parturition occurred on day 280. 
The upper curve represents aldosterone excretion, and the lower curve, body weight. 


pounds. Following this period there was a loss of 2 pounds. Parturition occurred on the 
two hundred and eightieth day. 

Because the patient had shown a tendency to retain fluid in her previous pregnancy, 
moderate salt restriction was carried out from the one hundred and eightieth day on- 
wards. 

On the eighty-seventh day aldosterone excretion was already well above the normal 
range, being 12 wg. per day. It increased progressively throughout gestation, reaching 
a maximum of 34 ug. per day, two weeks before delivery. Two days post partum it had 
decreased to 18 wg. per day and six days later was down to 4 ug. daily. 


Case 3 

E.A, was a primipara aged 21 (Fig. 3). In the early phase of this preganacy, spotting 
occurred on and off for the first two months. The pregnanediol levels were within normal 
limits. From the one hundred and fortieth to the one hundred and eightieth day there 
was a rapid gain in weight, and at the end of this period some edema was present. From 
the two hundred and fortieth day onward the patient was given a diet containing 1800 
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calories, with no added salt allowed. In spite of this, excessive weight gain continued. 
As this patient was unreliable, it is probable that the dietary instructions were not fol- 
lowed. From the one hundred and nineteenth to the one hundred and sixty-second day 
the aldosterone output ranged from 16 to 21 yg. per day—values well above the normal 
range. With the appearance of edema, 
- the daily aldosterone excretion rose to 29 
ug. Following this, and coincident with 
CASE EA ee | eee restriction, the aldosterone out- 
put gradually decreased, reaching a level 
of 10 wg. daily nine days before delivery. 
During this period there was increasing 
hydramnios and evidence of water reten- 
tion. In this case the aldosterone fraction 
was assayed only at one level—a 30-min- 
ute volume dose. In other patients stud- 
ied we have evidence to indicate that 
there is a substance running with aldo- 
sterone on the paper chromatogram 
which causes sodium excretion, and it is 
possible that the presence of this sub- 
stance might have interfered with the 
; * : 5 ‘ bioassay of aldosterone in this patient at 
aig Lia 4 Meine Pca this dose level. It has been found that the 
: unidentified material can be diluted out 
Fig. 3. Case 3. Excretion of aldosterone at the 1P-msinsute- volun dees. 
in pregnancy. Parturition occurred on day Following delivery aldosterone excre- 
271. The upper curve represents weight, tion decreased further, and at two 
the middle curve aldosterone excretion, months post partum was down to 5 ug. per 
and the lower curve 17-hydroxycorti- twenty-four hours. The urinary 17-hy- 
costeroid excretion. ED. =edema. droxycorticosteroids increased through- 
out pregnancy, and in the last trimester 
fluctuated between 8.6 and 10.8 mg. per twenty-four hours. Following delivery, there 
was the usual decline observed in other cases. 
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Case 4 

S.B. was a woman aged 35, para i, gravida ii (Fig. 4). In the first pregnancy this pa- 
tient had shown an abnormal retention of fluids and was thought to be toxic, A cesarian 
section was performed because of inability to control the edematous state near term. 

In the pregnancy concerned in this report, the patient was gaining excessive amounts 
of weight at the time the study was begun. Diamox was given for one week and she lost 
7 pounds, but regained this weight within one week after stopping the medication. 

When the study was begun on the one hundred and eighty-ninth day of pregnancy, 
the patient was receiving a low caloric diet, and salt intake was approximately 83 mEq. 
per day. No edema was present, and values for aldosterone output were 13.1 yg. and 
7.2 wg. per day. The low caloric diet was then discontinued, although salt was still re- 
stricted: Increased fluid retention and slight edema occurred and hydramnios became 
apparent. The aldosterone excretion was 15.8 ug per day at this time. Following this the 
swelling of the hands and face increased and gross hydramnios was evident by the two 
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hundred and fifty-second day. Aldosterone excretion increased to 31 ug. per day and her 
condition remained unchanged. 

The date of conception was known in this patient. Judging from x-ray studies, the 
fetal skeletal development of the baby was about four weeks delayed. Because of this, 
cesarian section was not carried out until the two hundred and eighty-third day. During 
the first forty-eight hours after birth the baby excreted 1.0 wg. of aldosterone daily, and 
two weeks later a similar amount was present in the urine. 

During the last part of the pregnancy there was considerable fluctuation in the output 
of aldosterone. On the day of operation it was 28 wg per day; it decreased to 24 ug. on 
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Fia. 4. Case 4. Excretion of aldosterone in a pregnant woman who was retaining ex- 
cessive amounts of fluid. The upper curve represents weight, the middle curve aldo- 
sterone excretion, and the lower curve 17-hydroxycorticosteroid excretion. Cesarian 
section was carried out on day 283. 


the first postoperative day; and on the third postoperative day it was down to 3.8 ug. 
It remained around this level for the remainder of the study. 

The urinary 17-hydroxycorticosteroids varied between 6.6 and 11.6 mg. per day dur- 
ing the last trimester and between 1.4 and 3.4 mg. per day in the postpartum period. 


Case 5 


J.S. This 30-year-old pregnant woman, para ii, gravida iii (Fig. 5), had a normal salt 
intake, and one week before delivery was excreting 34 ug. of aldosterone per day. The 
daily aldosterone was measured during the postpartum period. On the second post- 
partum day, it had decreased to 5 wg. per day, and fluctuated between this level and 1 
ug. during the period of study. 


Toxemia of pregnancy (8 patients) 
Aldosterone and 17-hydroxycorticosteroid excretions were measured in 8 patients 
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Fie. 5. Case 5. Aldosterone excretion 
ante partum and post partum, in a normal 
pregnant woman. 





with toxemia of pregnancy of varying de- 
grees of severity. The results are shown in 
Table 1. 

Although the aldosterone output was 
increased above that in the nonpregnant 
state, the average daily output of 14.7 ug. 
was lower than that found in a previous 
study (6) in cases of normal pregnancy 
near term. In the group was 1 patient with 
severe toxemia (M.S.) who excreted only 
3.7 wg. per day. All 8 patients were being 
maintained on a diet which was moderate- 
ly low in salt during the period of study, 
and were under treatment. 


. EXCRETION OF ALDOSTERONE IN 8 CASES OF TOXEMIA OF PREGNANCY 








Patient 


Degree of 
toxemia 


Days 
ante 
partum 


Urinary excretion 





Corticoids, 
Aldosterone S—p 


(ug./24 hrs.) (ug./24 hrs.) 











Mild 


Mild 


Moderate 


Moderate 


Moderate 


Severe 


Severe 


Severe 








18.0 8.8 


11. 7. 


7. 4. 
13. 10. 
31. 4. 
31. 12. 
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DISCUSSION 


The evidence obtained from these studies clearly demonstrates that 
there is a rise in the excretion of aldosterone in pregnancy and that follow- 
ing parturition these values decrease rapidly and reach normal levels in 
the early postpartum period. 

In investigations not reported here, in which daily measurements of 
aldosterone excretion were made in the two-week period prior to delivery, 
considerable fluctuation occurred, so it is possible that in the present 
studies single determinations made at approximately monthly intervals 
may not have truly reflected the trend of excretion of this hormone. In 2 
of the patients in whom fluid was rapidly accumulating there was an asso- 
ciated rise in aldosterone excretion. However, in the few cases studied, it 
was not possible to correlate levels of aldosterone excretion with the degree 
of fluid retention. In Patient 8S. B. (Case 4), who was retaining abnormal 
amounts of fluid, the values obtained for aldosterone output were not 
greater than those observed in patients who had no clinical edema. The 
moderate salt restriction carried out in Cases 1 and 2 was not thought to be 
sufficient to affect aldosterone excretion. The sodium intake was approxi- 
mately 100 mEq. per day. It is the common practice of many obstetricians 
to restrict table salt in the last month of pregnancy, even when the gesta- 
tion is considered normal. 

There is considerable evidence in the literature to suggest that sodium 
and water are retained to a greater extent in the latter part of pregnancy, 
and that when toxemia develops this abnormality is further exaggerated. 
There is a rise in total body water (9), plasma volume (10, 11) and extracel- 
lular fluid (12), and associated with these changes there is a retention of 
sodium (13). Gray and Plentl (14) showed an absolute gain in sodium space 
from the beginning of pregnancy until term. 

Other hormones besides aldosterone are increased in the latter part of 
pregnancy. It has been well established by various methods that there is a 
rise in the level of excretion of adrenocortical steroids (15, 16) and studies 
on blood have confirmed these findings (17, 18). Progesterone and estro- 
gens are also greatly increased, and all these various hormones may con- 
tribute in part to a retention of sodium and a consequent expansion of 
body fluid (19). 

It is not possible with our present knowledge regarding factors that con- 
trol the release of aldosterone from the adrenal cortex to determine 
whether the increase of aldosterone in pregnancy is the cause or the result 
of fluid and sodium retention. In the healthy non-gravid subject a deple- 
tion of body sodium, caused either by lowered intake (20) or by loss of body 
sodium (21), results in a rise in aldosterone excretion. Changes in body 
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fluid volume affect aldosterone secretion independently of sodium. An ex- 
pansion of body fluid volume caused by the administration of vasopressin 
(Pitressin) will in turn lower the output of aldosterone (22, 23), whereas a 
reduction in the body fluid volume brought about by dehydration will re- 
sult in a rise in aldosterone excretion (24, 25). In pregnancy, however, a 
rising aldosterone excretion is observed associated with sodium retention 
and an expanding body fluid space, which may further aggravate this con- 
dition. The stimulus which gives rise to the increased aldosterone output 
is not known at the present time. 

A similar situation is observed in patients with nephrosis, cardiac failure 
or the ascites of liver disease, associated with edema. Mach e¢ al. (26) in a 
recent paper have suggested that in these conditions the rise in aldosterone 

“secondary to the diseased state’ and that the factor accounting for this 
increased secretion may be a “‘decrease in effective circulating fluid fre- 
quently found in these states in spite of the presence of edema.’’ Whether 
such a mechanism operates in pregnancy is unknown. 

The role of the placenta in the elaboration of adrenocortical steroids has 
not yet been clarified. Although adrenal steroids (27, 28) as well as al- 
dosterone (29) and corticotropin (30, 31) have been isolated from placenta, 
there is still no conclusive proof that this organ is capable of secreting 
these hormones. 

The results obtained on the patients with toxemia are in disagreement 
with results of our earlier studies, in which only the free aldosterone was 
measured. The extracts at that time were not purified by paper chromato- 
graphy and the total neutral fraction was assayed for its sodium-retaining 
activity. In those studies the patients with toxemia of pregnancy excreted 
greater amounts of this factor than did the normal pregnant women. Using 
acid for hydrolyzing the conjugate of aldosterone, it is now seen that the 
nontoxic pregnant woman excretes as much as, or even more aldosterone 
than the toxic patient in spite of the fact that the latter is being maintained 
on a lower salt intake. 

The secretion of increased amounts of aldosterone, a hormone which has 
a potent sodium-retaining effect, must aggravate a condition in which so- 
dium and fluids are already being retained in the body. Before any conclu- 
sions can be drawn, however, regarding the importance of aldosterone in 
the development of this syndrome, toxic patients will have to be studied 
over longer periods of time and before any dietary restrictions have been 
imposed. 


SUMMARY 


1, Aldosterone excretion has been measured at approximately monthly 
intervals in 4 pregnant women, and near term in 8 patients with toxemia 
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of pregnancy. The aldosterone fraction was obtained after prolonged acid 
hydrolysis at room temperature. The extracts were purified by paper 
chromatography prior to assay. 

2. Pregnancy was associated with an increase in excretion of aldosterone, 
and following delivery there was a rapid decrease in the output of this hor- 
mone. 

3. The active accumulation of fluid in 2 of the patients was associated 
with a rising level of aldosterone output. The levels reached, however, were 
not higher than those observed in pregnant women without clinical edema. 

4. In the patients with toxemia of pregnancy, the amount of aldo- 
sterone was not greater than that observed in the nontoxic gravid patients. 
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T IS generally held that the concentration of protein-bound radioiodine 

(PBI"*') in a sample of plasma taken forty-eight or seventy-two hours 
following administration of a tracer dose of I'*! is a reliable index of thy- 
roid function (1-6). It has been occasionally noted, however, that in pa- 
tients successfully treated for hyperthyroidism the PBI'* tends to remain 
above the generally accepted level of normality and thus to indicate the 
presence of thyrotoxicosis in subjects who are euthyroid or even myxe- 
dematotis in all clinical respects (7-9). During the past year several papers 
(10-13), including one from this laboratory (14), have appeared reporting 
more extensive results of routine radioiodine tests, and confirming that 
the PBI'*! test and the “conversion ratio” may be frequently misleading in 
patients previously treated for thyroid disease by either subtotal thyroid- 
ectomy or irradiation with radioiodine. Parallel to the increase in the rate 
of appearance of PBI'*! in the circulation, an increased rate of release of 
I! by the thyroid could be observed in these patients, even if they were 
treated for cardiac disease and had never been thyrotoxic (14, 15). The 
obvious explanation was to relate the apparent increase in the turnover of 
I'3! in the thyroid to the considerable reduction in the size of the thyroidal 
organic iodine pool brought about by these two forms of therapy—the ['*! 
then being distributed in a smaller thyroidal iodine pool and a normal hor- 
monal secretion rate corresponding to the secretion of a larger fraction of 
thyroidal ['*), 

The present paper reports some results of a more detailed study of iodine 
metabolism in 4 patients who were previously subtotally thyroidectomized 
for nontoxic adenomatous goiter, and in 1 who had been operated upon for 
toxic goiter and at the time of study was suffering from a relapse. They have 
been compared with results of a similar study of iodine metabolism in 5 
untreated thyrotoxic patients. In 3 of the patients treated by surgery it 
was observed that I'*! was released by the thyroid, appeared in the plasma, 
and was removed from the plasma at two distinctly different rates. These 
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observations led the authors to believe that the cells of the thyroid gland 
form (even under normal conditions) at least two iodinated compounds, 
presumably thyroxine and triiodothyronine, and that the latter is more 
readily secreted into, and more rapidly removed from, the circulation than 
thyroxine. 


METHODS 


The 10 subjects were hospitalized patients whose thyroid function had been es- 
tablished on the basis of a careful physical examination, case history, and results of 
various laboratory tests including those of the detailed I'* study. Two patients were 
males and 8 were females. 

The radioiodine (I'*') was obtained from A.E.R.E., Harwell, as a carrier-free iodide 
solution. A dose of 100 microcuries (uc.) containing 10 micrograms (ug.) of stable iodide 
was given intravenously. An equal amount was placed in a glass model resembling a 
normal thyroid in size and shape, the model being immersed in a beaker filled with 
water. A third dose was diluted with tap water in such fashion as to attain a final con- 
centration of 0.1 per cent of the dose in 10 ml. Urine was collected at daily intervals in 
bed pans which contained a drop of strong potassium iodide solution. 

The I'* content of the thyroid was estimated with a collimated scintillation counter 
fitted with a 1}X1-inch crystal of sodium iodide at a skin-crystal distance of 37 cm. 
A 1-mm. lead filter was employed to correct for weak scatter radiations. The thyroidal 
radioactivity was obtained by subtracting from the total neck activity the extrathyroidal 
activity which, measured during the third minute following injection, was assumed to 
decrease at a rate which was parallel to that of plasma I!*‘ concentration (16). Most of the 
10-ml. plasma and urine samples were measured in a flat-bottomed glass cup put on 
top of the crystal. With this arrangement, 1 uc. of I'*' in 10 ml. registered about 3x 10° 
counts per minute. Recently, a scintillation counter was used in which the sample, 
contained in a moulded polythene cup, surrounded a smaller crystal; this arrangement 
was less sensitive, but the counting rate:background ratio was more satisfactory. 

Plasma protein-bound I'* concentration was determined after precipitation of the 
plasma proteins by dropwise addition of ice-cold trichloroacetic acid. The precipitate 
was washed twice with diluted TCA and then redissolved and made up to 10 ml. with 
caustic soda. In the latter part-of the study it became our practice to check the results 
obtained with the precipitation method by simultaneous determination of plasma 
activity after the I'*! present in the form of iodide was removed by passing the sample 
through a column of an anion exchange resin (Amberlite IRA 400). Results not agreeing 
within 5 per cent were discarded. At least 10,000 counts were made in all measurements, 
and all results were expressed as fractions of the administered dose. Details of the calcu- 
lations are furnished in the Appendix. : 
RESULTS . 


The similarity between the results of routine I'*! tests in patients sub- 
jected to thyroid surgery and in patients with thyrotoxicosis suggested 
that a comparison be made between the results of the more detailed studies 
of iodine metabolism carried out in both groups. The data obtained in 5 
patients with moderate to severe thyrotoxicosis are presented in Table 1. 
In all cases iodine metabolism appeared to be adequately described by the 
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three-compartment model of Riggs (17), and calculations based on this 
model yielded values within the expected range. In all cases high ‘‘theoreti- 
cal” uptakes and increased rates of turnover of organic iodine in the thy- 
roid and in the extrathyroidal compartment could be observed. There ap- 
peared to be a significantly positive correlation between the rate constant 
of hormonal secretion and the “‘theoretical”’ uptake, and a significantly neg- 


TABLE 1. TURNOVER AND DISTRIBUTION DATA CALCULATED FROM OBSERVED 
BEHAVIOR OF RADIOIODINE TRACER DOSE 
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: Ut kg kas kp iit Ce | Ct G B Vp 
Patient Prop Prop./L. . Liters 
% Proportion per day Liter per day Proportion 

Patients with thyrotoxicosis 
STR 0.896 0.072 0.371 0.253 0.036 0.367 3.391 0.405 0.595 16.5 
SEI 0.702 0.048 0.130 0.422 0.028 0.940 3.500 0.765 0.235 8.4 
HIR 0.862 0.102 0.455 0.610 0.040 0.741 5.973 0.574 0.426 10.65 
MOR 0.918 0.202 1.152 0.490 0.062 0.580 5.792 0.298 0.702 11.3 
WIL 0.804 0.114 0.412 0.286 0.035 0.780 4.422 0.410 0.590 16.85 

Patients previously treated by surgery 

KLI 0.425 0.016 0.026 0.134 0.0096 1.229 2.375 0.838 0.162 16.9 
ZUP 0.630 0.075 0.173 0.196 0.056 0.589 1.767 0.530 0.470 8.4 
































* For explanation of symbols see list at beginning of Appendix. 


ative correlation between this constant and the fraction of organic iodine 
stored in the thyroid. There was, however, no relation between the rate 
constants of hormonal secretion and organic iodine removal from the ex- 
trathyroidal compartment. The volume of the extrathyroidal organic io- 
dine compartment was generally much smaller than the theoretical value 
of twenty-four liters assumed by Riggs (17) and the values observed in 
normal subjects by Hickey and Brownell (18), but more in line with the 
values observed in normal and in thyrotoxic cases by Berson and Yalow 
(19). 

Additional information on the state of iodine metabolism would have 
been obtained if simultaneous determinations of either the plasma PBI'?’ 
level or the daily urinary I’”’ excretion had been made. However, the as- 
sumption that these patients, being on a normal hospital diet, had an 
average iodine intake of 150 ug. per day is probably not far from the truth. 
By introducing this value into the equations used for calculation of the 
turnover data, a further set of values could be calculated which is listed 
in Table 2. In all the thyrotoxic subjects the hormonal secretion rate thus 
calculated was much higher than the generally accepted normal value of 
about 100 ug. of iodine per day. The iodine content of the thyroid was con- 
siderably reduced. The calculated value of plasma PBI!?’ concentration 
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obtained by dividing the amount of extrathyroidal organic iodine by its 
distribution volume, was in all cases either equal to or higher than the 
accepted upper limit of 8.0 ug. per 100 ml. 

These results would indicate that even in cases with considerably in- 
creased iodine turnover, the main pathways of iodine metabolism were 
adequately described by the three-compartment model, and that the in- 
troduction of the various assumptions mentioned did not do any serious 


TABLE 2. APPROXIMATE VALUES OF HORMONAL SECRETION RATE, ORGANIC IODINE POOLS 
AND PLASMA PROTEIN-BOUND IODINE, CALCULATED FROM DATA OF TABLE 1 AND 
FROM ASSUMED VALUE OF IODINE INTAKE 
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Patients with thyrotoxicosis 





1870 ‘2740 
2200 680 
1270 950 

680 1610 
1060 1520 





Patients previously treated by surgery 





KLI | 100 3960 770 
ZUP 220 1260 1110 














* For explanation of symbols see list at beginning of Appendix. 


violence to the major facts. It is mainly for this reason that our data on 
thyrotoxic cases are presented here. However, in only 2 of the 5 patients 
previously subjected to thyroid surgery were observations on iodine 
metabolism obtained which were consistent with the three-compartment 
model (Tables 1 and 2): 

One patient (KLI) had been thyroidectomized thirty-one years before. 
She was clinically euthyroid and the results of her routine I'*! tests as well 
as of the other laboratory tests were well within the normal range. A nor- 
mal amount of hormonal iodine was secreted, and the iodine content of 
her thyroid, though half the normal value, was the highest calculated in 
this series. The other patient (ZUP) had been operated upon about one 
and a half years before for toxic goiter, and at the time of study clearly 
had recurrent thyrotoxicosis. The observed turnover of the tracer dose 
and the data calculated therefrom were consistent with this diagnosis. 

In the 3 other thyroidectomized patients the observations could not be 
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explained by the three-compartment model. They had all been operated 
upon for nontoxic goiter within one year prior to the present study and 
were either euthyroid or even slightly myxedematous, with basal metabolic 
rates ranging from —6 to +21 per cent. In these cases thyroidal release of 
organic I'*! proceeded during the first few days at a rate which was several 
times faster than the release rate during the following days (Fig. 1). Cor- 
respondingly, I'*! appeared in the plasma in protein-bound form also at two 
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Fig. 1. Behavior of tracer dose in the thyroid and in the plasma in 3 patients previ- 
ously treated by surgery for nontoxic goiter. 

The shape of the curves of thyroidal I'*! content (triangles) and plasma PBI'*! (solid 
dots) suggested the thyroidal release of two iodinated compounds having different 
metabolic fates. The rate of appearance of the slow component, presumably thyroxine 
(T,), was calculated by subtracting the concentration values expressed as a fraction of 
the dose retained (I;et!*", circles) from the final equilibrium value and fitting a straight 
line to the obtained differences (crosses). Connecting this line with the equilibrium value 
at zero time permitted extrapolation of the T, build-up curve to time zero. Subtraction 
of the values thus obtained from the actually observed concentration values (circles) 
vielded a curve describing the behavior of the fast component, presumably labeled 


triiodothyronine (T3). 
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different rates. In all cases there was a steep rise in plasma activity to very 
high levels, then (roughly corresponding to the change in the slope of thy- 
roidal release) a fall and then an increase again. The observations were not 
extended for a period sufficiently long to observe the final slow decrease. 

This type of I'*! turnover is in sharp contrast to the monophasic curves of 
thyroidal release and plasma appearance seen in the thyrotoxic patients. 
Obviously, in these 3 thyroidectomized subjects hormonal I was. not 
only released by the thyroid but also removed from the plasma at two 
distinctly different rates. This can be conveniently demonstrated by 
graphic separation of the two components (Fig. 1). 


DISCUSSION 


The observed behavior of I'*" in the latter 3 thyroidectomized euthyroid 
patients was incompatible with the three-compartment model. Stanbury 
et al. (20) observed a similar biphasic release of I'*! by the thyroid in cases 
of severe chronic iodine deficiency in which the amount of hormonal iodine 
stored in the thyroid was presumably extremely small. In an attempt to 
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Fig. 2. Comparison of models of organic iodine metabolism proposed by 
Stanbury et al. (20) and by the authors. For explanation see text. 


describe the kinetics of iodine metabolism in these cases more adequately, 
they designed an alternative model in which the iodine in the thyroid is 
considered to occupy two compartments of different magnitude and with 
different release rates (Fig. 2a). This model should be equally suitable for 
describing the biphasic thyroidal I'*! release seen in our cases. However, 
in order to take into account that the hormonal I'* was not only secreted 
into but also removed from the circulation at two different rates, we had 
to choose an alternative model (Fig. 2b) in which the extrathyreidal hor- 
monal iodine pool is divided into two further compartments; thus the pres- 
ent model is in fact a five-compartment model. To avoid the introduction 
of still another thyroidal compartment, the iodine present’in the thyroid 
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in the form of inorganic iodide has been assigned in both models to the 
iodide pool of the body. 

As it would be almost impossible to set up and to solve the differential 
equations which would adequately represent the fate of labeled iodine in 
this model, no attempt was made to calculate the various turnover data 
as has been done on the basis of the three-compartment model in the other 
cases. However, on the basis of clinical evidence, it could be presumed that 
these patients produced not more than a normal amount of thyroid hor- 
mone per day. The rate constant of the initial apparent I'*! release from the 
thyroid was higher than that observed in any of the thyrotoxic cases, and 
the apparent I'*! release during the following days was still faster than 
that usually observed in normal subjects. The concentration of extrathy- 
roidal organic I'*! in plasma, whether it was expressed as a fraction of the 
administered dose or of the dose retained in the body, was within the first 
day already higher than that seen in the thyrotoxic cases. Thus the amount 
of preformed hormone that these patients could store in their thyroid rem- 
nants must have been very small. 

Stanbury et al. (20) have pointed out that there is a histologic counter- 
part of the two compartments, which they considered as forming the thy- 
roidal hormonal iodine pool. The first compartment, small in volume and 
with rapid turnover, would be represented by the thyroid cells; whereas 
the second compartment, larger in volume and with slow turnover, would 
correspond to the colloid. In the normal gland most of the iodine is con- 
tained in the colloid compartment, and it can be expected that the dy- 
namics of this compartment would dominate any observations on thy- 
roidal I'*! release. Thus, in the normal thyroid gland the release rate to be 
observed would be monophasic. 

There are three conditions under which, up to now, a biphasic release 
rate has been observed—severe chronic iodine deficiency (18), metastases 
from functioning thyroid carcinoma (21), and remnants of thyroid glands 
left behind at subtotal thyroidectomy. Histologically, they have in com- 
mon that the colloid/cell ratio is greatly altered in favor of the cells. The 
chronic iodine-deficient goiter in its later stages is pour in colloid; func- 
tioning thyroid carcinoma is characterized by great numbers of thyroid 
cells frequently arranged in papillae or in compact masses; the thyroid rem- 
nant immediately after operation starts to regrow by forming firstly new 
cells and only later on (when hormone production exceeds the daily needs) 
by forming additional colloid for hormone storage. Thus, in conditions 
characterized by a significant reduction of the colloid/cell ratio the I’! 
turnover in the colloid becomes less dominating and the separate release of 
I'*! by the cells can be observed. 

Though this hypothesis should serve to explain why in our cases [’** was 
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released by the thyroid at two different rates, it offers no explanation for 
the fact that I’*! was also removed from the plasma at two different rates. 
To take this phenomenon into account we have to go one step further in 
our speculations and assume thaf the thyroid secretes two different io- 
dinated compounds having different fates in the body. 

There are three independent observations which at once come into 
mind: 1) from experiments with labeled triiodothyronine, it is known that 
this compound disappears from plasma about four times faster than thy- 
roxine (22-24); 2) following a therapeutic dose of I'*!, labeled triiodo- 
thyronine may appear in the circulation within one hour and prior to 
labeled thyroxine (25); and 3) the final equilibrium value of the plasma 
I,!*! concentrations is approximately the same for both distribution rates 
(Fig. 1) although the distribution volume of triiodothyronine is probably 
considerably larger than that of thyroxine (26). 

The most logical hypothesis embodying these observations would then 
be that not only thyroxine but also triiodothyronine is formed by the thy- 
roid cells and secreted into the circulation. This process may involve a 
transient binding to the colloid protein but in a more loose form than that 
of thyroxine, similar to the less strong bondage of triiodothyronine to 
plasma protein (27). In terms of rates, more triiodothyronine would be 
secreted by the thyroid per unit time than thyroxine, but as it is distrib- 
uted in a larger volume and is metabolized at a faster rate than thyroxine, 
its concentration in the plasma remains small. 

This hypothesis would imply that triiodothyronine is not only a product 
of peripheral deiodination of thyroxine, as has been originally suggested 
(28, 29); it is compatible with the theory of Roche and his colleagues that 
there is an additional mechanism in the thyroid by which triiodothyronine 
is formed by coupling one molecule of monoiodotyrosine with one molecule 
of diiodotyrosine (30, 31). 

As a further bit of evidence supporting this hypothesis, results of some 
preliminary experiments now in progress may be mentioned in which the 
observations of Benua et al. (25) were repeated and extended to patients 
previously subjected to thyroid surgery. Following administration of be- 
tween 4 and 7 me. of I'*!, the butanol extracts of plasma samples taken one 
and four hours later were subjected to paper chromatography and the 
strips subsequently analyzed for distribution of radioactivity. It was found 
in thyroidectomized patients that in both samples more than 90 per cent 
of the PBI'*! consisted of labeled triiodothyronine, and that as late as four 
hours following administration of the dose only traces of labeled thyroxine 
were present (32). This result would be in accord with the in vivo observa- 
tions of thyroidal I'*! release and would clearly demonstrate that triiodo- 
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thyronine must have been secreted into the circulation separately and 
prior to thyroxine. 

It was previously stated that soon after operation the colloid/cell ratio 
is reduced because of the initial predominance of cell regrowth. However, 
with increasing time after operation 
one would expect the colloid/cell 20 (- X=-Q08ty +4,281 
ratio to return to normal. If this be oe 
true, then the effects of subtotal 
thyroidectomy on the metabolism of 
a dose of I'*! should become less 
marked the longer the period from 
the time of operation to the time of 
the I'*! study. In Patient KLI, who 
had been thyroidectomized thirty- 
one years previously, it was noted 
that her iodine metabolism was al- 
most normal. In Figure 3 the values ! 
of the plasma I’*! concentration at r * EARS SINCE OPERATION 
forty-eight hours have been corre- 
lated with the time which had elapsed Fig. 3. Relation observed in 55 patients 


. . : : between log of plasma I'* concentration 
since operation in 55 patients who at forty-eight hours after administration 


LOG OF 48"-PLASMA CONCENTRATION x10 








had been operated upon within ten of tracer dose and length of time in years 


years prior to the present study, since thyroid surgery. 

mostly because of nontoxic goiter. 

They were all in a clinically euthyroid state. As most of the administered 
dose still in the form of iodide had at forty-eight hours already been ex- 
creted (none of the patients showed evidence of myxedema or impaired 
renal function), this value was representative of the 48-hour PBI'* level. 
The patients were selected at random, so there were large variations as to 
the case history, the extent of surgical removal, the average iodine intake 
following operation, the body weight and associated factors such as the 
volume of the PBI'*' distribution space. Since the PBI’*! level is inversely 
proportional to the iodine content of the gland (17) it appeared logical to 
plot versus time the logarithm of the plasma I'* concentration (Fig. 3). 
It will be seen that with increasing time after operation, elevation of the 
plasma I'*! level became less marked; the negative correlation was highly 
significant with a ¢-value of 3.72 and a probability of less than 0.1 per cent 
that this result could have arisen by chance. On the average, it appeared 
to require about seven years for the plasma I'*' concentration to return 
to a value below 0.5 per cent per liter, which can be taken as the upper 
limit of normal results. This time, however, should be appreciably shorter 
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in patients living in a region of chronic iodine abundance. 

This observation demonstrates how large a percentage of euthyroid pa- 
tients previously treated by thyroid surgery will have a PBI'* level sug- 
gestive of that in thyrotoxicosis.. All the so-called ‘‘organic” I'*' function 
tests, though usually correctly recording an increase in the hormonal se- 
cretion rate (7.e., the presence of thyrotoxicosis), appear to be strongly de- 
pendent on the amount of hormonal iodine stored in the thyroid (14); no 
increase in the level of PBI'* or in the “conversion ratio”’ and no reduction 
in the half-life of thyroidal I'*' should be taken as indicative of thyrotoxi- 
cosis unless one is assured that no gross reduction of the iodine content 
of the thyroid has occurred. Such a reduction may not only be the result 
of thyroid surgery, irradiation with I'* or prolonged treatment with anti- 
thyroid drugs, but also of a replacement of normal thyroid tissue by non- 
functioning tissue, as in certain types of congenital goiter and of thyroid 
carcinoma. In fact, one should be alarmed by the observation of an in- 
creased PBI'* level (higher than 0.5 per cent of the dose per liter) in pa- 
tients without evidence of thyrotoxicosis and without any history of a 
foregoing reduction of the thyroidal hormonal pool, and should begin a 
thorough search for early symptoms of thyroid carcinoma. 

Since the so-called ‘‘inorganic” I’*! function tests (thyroidal clearance, 
early uptake, urinary excretion) are, to a certain extent, independent of the 
amount of stored hormone, the diagnosis of recurrent thyrotoxicosis should 
be made possible by the use of one of these tests. This, however, is true 
only for patients living in a region of iodine abundance. In regions of 
chronic iodine deficiency, like Austria and many other countries, values for 
thyroidal clearance, thyroidal uptake, and urinary excretion in euthyroid 
patients fall well within that range which, under normal conditions, would 
be taken to indicate the presence of thyrotoxicosis. Any one of the “‘or- 
ganic” ['*! tests (PBI" concentration at forty-eight hours, ‘‘conversion 
ratio,” 48"/2-ratio, effective thyroidal half-life) has to be carried out in 
addition to “inorganic” tests in order to permit differentiation between the 
high uptakes (or low excretions) of thyrotoxicosis and of nontoxic iodine- 
deficient goiter (33, 34). However, in previously treated patients the ‘‘or- 
ganic” tests may also yield results indistinguishable from those found in 
true thyrotoxicosis. In this event there remains no means, on the basis of 
in vivo I'* function tests alone, for making a definite diagnosis of the func- 
tional status of the thyroid remnants in these patients. 


SUMMARY 
1. In 5 patients subjected to thyroid surgery the metabolism of iodine 
was studied by means of radioiodine techniques, and compared with that 


observed in 5 thyrotoxic patients. 
2. Whereas in the thyrotoxic cases and in 2 of the thyroidéctomized sub- 
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jects iodine metabolism could be adequately described by a three-compart- 
ment model, the development of a five-compartment model was required 
to explain the observations made in the other 3 euthyroid patients who 
had been operated upon for nontoxic goiter within the previous year. In 
these 3 cases, thyroidal radioiodine and protein-bound plasma radioiodine 
were removed from their respective pools at two distinctly different rates. 

3. It is postulated that the observed biphasic thyroidal and plasma re- 
moval of radioiodine is caused by the secretion and distribution of two 
different iodinated compounds, presumably triiodothyronine and thy- 
roxine. It is assumed that formation and secretion of triiodothyronine takes 
place also in the normal gland but that this compound becomes detectable 
to in vivo radioiodine techniques only in conditions which are characterized 
by a reduced thyroidal hormonal iodine pool and a decreased colloid/cell 
ratio altered in favor of the cells. 

4. The reduction in the thyroidal hormonal iodine pool produced by 
thyroid surgery leads to an elevation of the plasma protein-bound radio- 
iodine concentration to levels which would normally be taken to indicate 
the presence of thyrotoxicosis. Observations on 55 thyroidectomized pa- 
tients have shown that, following operation, this effect gradually dimin- 
ishes with time. 
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APPENDIX 


List of symbols used in calculations and tables, their units of measurement and 
definitions 








Symbol — Unit Definition 





Compartment of inorganic iodide. 
Compartment of thyroidal organic iodine. 
Compartment of extrathyroidal organic iodine. 


Quantity of iodide in I. 
Quantity of organic iodine in G. 
Quantity of organic iodine in B. 


proportion Fraction of total organic iodine in G. 
Fraction of total organic iodine in B. 
“Theoretical” uptake. Fraction of Q; accumulated 
by the thyroid. 


liter Volume of compartment B. 
pg./100 ml. Concentration of protein-bound I!”’ in plasma. 
proportion per liter Concentration of protein-bound I[!*! in plasma. 
Concentration of protein-bound I'*! in plasma, ex- 
pressed as fraction of the dose retained in the 
body. 


Daily intake of iodide. 

Rate of secretion of organic iodine by the thyroid. 
Rate of urinary excretion of iodide. 

Rate of fecal excretion of organic iodine. 
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Symbol Unit Definition 








kop proportion per day Rate constant of secretion of organic iodine by the 
thyroid. 

kg Rate constant of ‘apparent’ secretion of organic 
radioiodine by the thyroid. 

Rate constant of removal of organic iodine from 
compartment B, calculated from build-up curve 
of bt in the plasma. 

Rate constant of removal of organic iodine from 
compartment B, calculated from ‘“‘apparent’’ or- 
ganic radioiodine clearance of plasma. 

Mean of kg, and kg,. 


liter per day “Apparent” thyroidal organic I'*! clearance of plas- 
ma. 
“‘Apparent”’ renal organic I'*! clearance of plasma. 
Fecal organic I'*! clearance of plasma. 
Total “apparent” organic I'*! clearance of plasma. 


proportion per day Fraction of dose excreted per day by the kidneys at 
equilibrium distribution of dose. 





Calculations 


The calculations of turnover rates and volumes of distribution of iodine in the thyroid 

and in the body have been based on the following assumptions and simplifications: 

1. That after equilibrium distribution of the injected tracer dose within the iodide 
spaces of the body and the thyroid is established, the radioiodide is handled in 
the same manner as the stable iodide already present in these spaces. Since this 
study was mainly concerned with the metabolism of organic I'*', any delay in the 
attainment of iodide’ equilibrium was not likely to interfere seriously with the 
interpretation of observations extended over a period of several days. 

. That the daily excretion of organic iodine via the feces is 10 per cent of the amount 
secreted daily by the thyroid. Judging from published observations of fecal ['*! 
excretion (19, 35), this value is probably of the correct order of magnitude, though 
there may occur large individual variations. All urinary radioactivity was assumed 
to be present in the form of iodide. 

3. That the subjects studied were in a state of iodine equilibrium so that the iodide 
intake balanced the loss of iodine from the body, and the quantity of iodide col- 
lected by the thyroid was equal to the quantity of iodine secreted by the gland in 
organic form. It should be noted, however, that such a steady state is hardly ever 
reached, and that this assumption is wholly unjustified in cases of severe thyro- 
toxicosis in which the daily fecal excretion of iodine exceeds the daily intake of 
iodide and, therefore, the iodine balance of the body is negative, resulting in a 
progressive depletion of the iodine stores of the body. 

Most of the calculations described in this paper are based on the three-compartment 

model of iodine metabolism developed by Riggs (17). In this model all the-iodine of the 
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body is divided into three separate compartments: 1) the iodide compartment, I, which 
contains the inorganic iodide in the body, including the iodide in the secretions of the 
alimentary tract, and that iodide accumulated in the thyroid that has not yet been 
bound to tyrosine; 2) the compartment of organic iodine in the thyroid, G, which contains 
all the organic compounds of iodine present in the thyroid; and 3) the compartment of 
extrathyroidal organic iodine, B, which contains the organic iodine compounds and their 
degradation products outside the thyroid, including those undergoing entero-hepatic 
circulation. 

In a subject in a steady state of iodine equilibrium, the amount of iodide daily in- 
gested with food and water and adsorbed by the intestines, In, will be equal to the 
amount of iodine lost daily from the body via urine and feces, E and F. Thus: 


In=E+F [1] 


Since it is assumed that 10 per cent of the hormonal secretion rate of the thyroid, H, is 
excreted into the feces: 
F = 0.1.H [2] 


Under equilibrium conditions, the amount of organic iodine secreted daily by the 
thyroid, H, will be equal to the amount of iodide daily accumulated by the thyroid. 
This amount will be a fraction, U, of the amount of iodide present in the body and, if a 
steady state obtain, will likewise be a fraction of all the iodide entering the iodide com- 
partment, I. The iodide entering is the sum of the iodide intake, In, and of the iodide 
recirculated into the iodide pool from degradation of organic iodine in the peripheral 
tissues, H—F. Thus: 


H = U.(In + H — F) [3 


H = U.(In + 0.9.H) [4] 


Since the thyroid does not distinguish between radioactive and stable iodide, this 
proportion, U, is also that fraction of the administered dose distributed throughout the 
iodide compartment which is accumulated by the gland. In the present study, the ['% 
content of the thyroid was determined daily, starting twenty-four hours after administra- 
tion of the tracer dose. At this time, part of the I'*' accumulated will already have left 
the gland in the form of organic I'*!, Therefore, the thyroidal uptake observed at twenty- 
four hours will always be less than the “‘theoretical’’ uptake, 7.e., that uptake which 
would be observed if no hormonal secretion took place. However, by successive daily 
estimations of the I'*' content of the gland the rate of release of I'*! from the thyroid 
can be determined, and a plot of the observed values on semi-log paper shows that a 
constant proportion of the I'*! content of the gland is secreted daily. The value of the 
“theoretical” uptake, U, is arrived at by extrapolating back to time zero the straight 
line best fitting the daily values for thyroidal I'** content (Fig. 4). 

Since the loss of labeled iodine from the gland is an exponential function, the biologic 
half-life of thyroidal I'*' can be calculated and the rate constant of this loss can be 
obtained by dividing 0.693 by the half-life in days. Since part of the labeled iodine which 
is secreted by the gland and degraded in the peripheral tissues is recirculated into the 
iodide pool and re-utilized by the thyroid, the observed rate of loss of I'* from the 
gland will not reflect the rate of hormonal secretion; it may be termed the “apparent” 
rate of thyroidal iodine release and its rate constant, kg, will always be smaller than the 
constant of the hormonal secretion rate, kgs. 
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Fig. 4. Behavior of tracer dose in the 
MOR. thyroid and in the plasma in a case of 
4-18-55 it 
severe thyrotoxicosis. 

A semi-log plot of the values of thy- 
roidal I'** content permits extrapolation to 
“theoretical” uptake at zero time. Rate of 
build-up of labeled PBI is calculated from 
line fitting the crosses which are found by 
subtracting the actual PBI"! values from 
dashed line connecting decreasing PBI" 
values at equilibrium with final equilib- 
rium value of PBI re¢!*! per liter distribution 
volume (6.2 per cent of dose per liter). 
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If the radioiodide derived from hor- 
monal degradation were not re-utilized by 
the thyroid, the hormonal secretion rate, 
H, would equal that fraction of the daily 
intake which is accumulated by the gland, 
U.In. In fact, the “apparent” rate constant 
of I! release is not proportional to U.In, 
but rather to U.(In+H—F). Therefore: 
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Solving Equation 4 for H : 


In 


U.In = H —-U.0.9.H = H.(1 — 0.9.U) 


Substituting in Equation 7: 





0.9.U ) - 


“ (9] 
1 — 0.9.U 1 — 0.9.U 


lion ka.(1 i 

Under equilibrium conditions, the amount of organic iodine leaving the thyroid and 
entering the compartment of extrathyroidal organic iodine daily will equal the amount 
of iodine leaving this compartment daily through peripheral degradation and fecal 
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excretion. Thus, by definition: 
H = Qc.kas = Qp.ks, : [10] 


where Qg is the amount of organic iodine in G, Qp the amount of organic iodine in B, 
and kg the sum of the rate constants of peripheral degradation and fecal excretion, 
respectively. Due to the complexities involved in a rigorous mathematical description 
of the distribution of the tracer dose throughout the organic iodine pools, this rate con- 
stant kp is one of the most difficult constants to measure. Brownell (36) has shown that 
a crude estimate can be obtained from the calculated half-time of build-up of hormonal 
I’! in plasma; as long as kg is small compared to kg, this rate of appearance is governed 
mainly by kg. The value of kg can be estimated graphically by subtracting the actual 
plasma concentrations of PBI" plotted on semi-log paper, from the straight line ob- 
tained by extrapolation of the decreasing part of the plasma concentration curve. 

Though it would appear logical that after equilibrium is established, I’ is removed 
from the thyroidal and extrathyroidal compartments at identical rates with the constant 
kg, the authors were unable to find this hypothesis to be in accord with the actual results. 
In most cases of increased iodine turnover the rate of decrease of plasma radioactivity 
was observed to be smaller than the rate of decrease of thyroidal radioactivity. However, 
since the value which is arrived at by extrapolation to time zero is the theoretical plasma 
concentration which would be reached if none of the hormonal [!* left the organic iodine 
pool, this value, and therefore the slope of the extrapolated straight line, can be estimated 
by a modification of the method of calculation used by Berson and Yalow (19): 

This method is based on the simplifying assumption that as soon as the fraction of 
the tracer dose accumulated by the thyroid is distributed between the thyroidal and 
extrathyroidal organic iodine pools, the fraction of the dose remaining in the body in 
the form of iodide is negligible. The sum of the fraction of the dose retained in the 


thyroid, G’, and the fraction retained in the extrathyroidal pool, B’, will then be unity: 
G’ +B’ =1. [11] 


To evaluate the fraction of the dose remaining in the body, the fraction lost from the 
body must be known; it will be the sum of the cumulative daily urinary and fecal I'* 
excretions. The urinary excretion can easily be measured; the fecal excretion, which 
was not measured in the present study, can be approximated if it is again assumed that 
the organic iodine excretion rate amounts to 10 per cent of the thyroidal secretion rate, 
and if the time-lag between the onset of urinary and fecal I'* excretion is neglected. 

The iodide derived from degradation of extrathyroidal organic I'*' is either re-accumu- 
lated by the thyroid or excreted into the urine. As soon as equilibrium of the dose retained 
in the organic iodine pools is attained, the urinary radioiodide will represent clearance of 
metabolized plasma organic radioiodine. Thus, the “apparent” renal clearance of or- 
ganic I'*' can be estimated by dividing the amount of I'*! excreted via the kidneys per 
unit time, E+, by the PBI" plasma concentration, b* : 


Ce= +: [12] 
The iodide returned to the iodide pool from peripheral degradation will be handled in 
the same manner as administered iodide. Therefore, the relation between the “apparent” 
thyroidal organic iodine clearance and the “apparent” renal organic iodine clearance 
will be the same as the relation between the fractions of the administered dose accumu- 
lated by the thyroid and excreted into the urine, respectively. Hence: 
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Ca U 
eee elcome eg te 1 

Cr 1-—U [13] 
The volume of organic iodine space which is cleared through peripheral breakdown per 
day, is then (Cg + Cg). Since under equilibrium conditions, the fecal clearance of organic 
I's! will amount to 10 per cent of the total clearance, C;: 


[14] 


The sum of the fractions of the dose lost from the body via urine and feces can now be 
calculated by multiplying the daily urinary excretions by. the factor (Cg+Cr)/Cx, and 
the fraction of the dose retained in the body at any time by subtracting from the ad- 
ministered dose the cumulative urinary and fecal I'*' excretions. 

If the actual values of PBI! are now divided by the fraction of the dose retained in 
the body, the resulting values expressed as concentrations per liter distribution volume 
approach an asymptotic value at distribution equilibrium. The slope of the straight 
line connecting this value, bre¢*, at zero time with the actual plasma concentrations at 
distribution equilibrium (Fig. 4) permits a crude estimate of the rate by which organic 
iodine is removed from the extrathyroidal compartment B; its constant may be termed 
kg,. 

It should be noted, however, that this method of estimating kp from the rate of build- 
up of labeled hormonal iodine in plasma is theoretically valid only if kg is considerably 
smaller than kg. As this is neither the case in thyrotoxic nor in thyroidectomized sub- 
jects, the value of kg estimated in this way might be considerably in error. A further 
method of estimating kp was, therefore, needed: 

Under equilibrium conditions, the dose retained in.the body is distributed between 
the thyroidal and extrathyroidal organic iodine compartments as the respective amounts 
of stable iodine contained in these compartments. Hence: 

oe [15] 
B’ Qs 
From Equation 10 and Equation 11: 
¥” kp 1 — B’ 
tee PER os 4 


According to the definition for Dret*: 
B’ 
Drey* a we: ’ ; [18] 
B 


where Vg is the volume of the extrathyroidal organic iodine compartment. A third 
equation is obtained from the definition that the rate constant of excretion is the clear- 
ance divided by the cleared volume: 


¢ 
C; 


Ve nee 


kp = 


Introducing Equation 18 and Equation 19 into Equation 17: 
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Fig. 5. Comparison of rates of removal 
of hormonal] iodine from extrathyroidal 
pool, calculated either from rate of build- 
up of PBI'* in plasma (kg,) or from “ap- 
parent” organic I!*! clearance of plasma 
(kp,). The dashed line represents a 1:1 
relation. 





1 
80 





40 60 
100 kp, (% PER DAY) 


kes: Cy: Dret* 
Kon — Cy: Drei? ee 
Since these three terms are known, kg can be calculated by this second method and may 
be termed kzg,. 
It may be seen in Figure 5 that in the 7 subjects in whom both calculations could be 
performed, both values agreed within +20 per cent of their average. This average value, 
kp, was then used to calculate the volume Vx and the relative sizes of the compartments 


G and B: 


Vs == [19a] 


B 





DETERMINATION OF 17,21-DIHY DROXY-20- 
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N 1950 Porter and Silber (1) observed that a color reaction occurred if 
17,21-dihydroxy-20-ketosteroids were exposed to a phenylhydrazine- 
sulfuric acid solution. Utilizing this color reaction, Nelson and Samuels 
(2), Glenn and Nelson (3) and Reddy et al. (4) have published methods for 
the determination of adrenal steroids having a 17,21-dihydroxy-20-keto 
configuration. Since then, numerous publications have appeared dealing 
with adrenocortical physiology and pathology, using levels of 17-hydroxy- 
corticosteroids as an index for these conditions. Marks and Leftin (5), 
however, were able to find butanol-extractable substances in human urine 
which gave rise to a positive Porter-Silber reaction without fulfilling 
the 17,21-dihydroxy-20-keto qualification. These findings raise an essential 
point of methodology: How much of the Porter-Silber chromogen in plasma 
or urine estimated by the simpler techniques may be ascribed to nonster- 
oidal material? Even with the Nelson and Samuels method as originally 
described, the Porter-Silber chromogen in blood plasma from normal sub- 
jects seldom exhibits a peak absorbancy at 410 my, whereas crystalline 
cortisol, even when extracted from water with chloroform and subjected 
to chromatographic treatment on Florisil columns, exhibits such a peak. 
This paper will deal with. the question of the interference of different 
substances frequently found in blood plasma on the formation of Porter- 
Silber chromogens and will describe a technique for the purification of 
blood plasma extracts employing a water-benzene partition. 


MATERIALS AND METHODS 


Materials 
Chloroform U.S.P. (Merck) doubly distilled from K:CO; immediately before use. 
Absolute ethanol U.S.P. 
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Benzene (P.A.) distilled and thiophene-free. 

Methylene chloride, Lot No. 390032 (Matheson, Coleman and Bell). 

Sulfuric acid A.R. (Merck) diluted with distilled water (310:190). 

Florisil (Floridin Company, Warren, Pennsylvania). 

Phenylhydrazine-hydrochloride, recrystallized after purification with charcoal from 
96 per cent ethanol. Twice recrystallized thereafter, dried over calcium chloride 
and kept in a desiccator. 

Cortisol (Upjohn). 

Methanol (Wasco) triple distilled from 2,4-diphenylhydrazine. 

Cortisol-4-C' (Tracerlab)! 

Lactic acid, Lot No. 2672 (Mallinckrodt). 

Ascorbic acid, Lot No. 00846 (Merck). 

Anhydrous sodium sulfate, Lot No. 8024 (Mallinckrodt). 

Human or dog plasma. The plasma was separated from the red cells immediately 
following withdrawal, using heparin as an anticoagulant, and then stored in a 
refrigerator for a maximum of fifteen days at a temperature not exceeding +2° C. 


Methods 

The extraction of blood plasma with an organic solvent, the preparation of Florisil> 
and the actual chromatographic separation have been described in detail in previous 
publications from our laboratory (2, 6). When using the Nelson-Samuels method, th 
Porter-Silber reaction was performed as in the publication of Nelson and Samuels, with 
the following changes: As observed in the recent work by Silber and Porter (7) redistilled 
methanol may, on occasion, cause a high background reading, whereas absolute ethanol 
will not. The latter was, therefore, used to dissolve the samples. After the ethanol and 
the phenylhydrazine-sulfuric acid were added to the samples, the results were more 
constant if a covered water bath was used for the subsequent incubation. The samples 
- were then cooled in a covered waterbath at +10° C. for ten minutes and read at each 
of the following wavelengths: 370, 390, 410, 430 and 450 muy, using a chloroform blank 
throughout the entire procedure to set the Beckman spectrophotometer to zero reading 
at each of the different wavelengths. Three different amounts {1 ug., 2 ug. and 3 yg.) of 
crystalline cortisol were chromatographed on standard Florisil columns in order to es- 
timate the loss of material due to this procedure (2, 5, 8). 


RESULTS 


When the original Nelson-Samuels procedure was used, large amounts of 
glucose, lactose, ascorbic acid, vitamins A, D and E, and various salts 
added to plasma did not give rise to any color with the reagent. Only com- 
mercial lactic acid yielded a fraction extractable with chloroform and 
eluted from Florisil columns which produced a typical Porter and Silber 
reaction. Different techniques were employed to remove this fraction from 
the chloroform extract following addition of commercial lactic acid to 
plasma, but the only one which was successful involved a distribution be- 
tween benzene and water. Talbot et al. (9) observed that in a partition be- 
tween water and benzene, the distribution of crystalline cortisol and corti- 
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sone favored concentration of these substances in the water phase. This 
work, however, was carried out on relatively large amounts of steroids. 
Since cortisol is the predominant 17,21-dihydroxy-20-ketosteroid in the 
peripheral circulation of man (10), the following procedure was tried: 

A 10-ml. aliquot of pooled plasma, with and without the addition of commercial lactic 
acid was extracted as described by Nelson and Samuels (2), chromatographed on Florisil 
columns and subjected to the Porter-Silber procedure. Some of these samples were 
treated as follows: Three extractions with 15 ml. of chloroform were performed on each 
sample. Each chloroform portion was transferred directly into a 50-ml. conical glass- 
stoppered centrifuge tube and evaporated to approximately 5 ml. in a waterbath not 
exceeding +50° C. The combined extract was taken to dryness after the third extraction. 
The residue was dissolved in 3 ml. of benzene, and 6 ml. of deionized water added. The 
tube was stoppered, shaken gently 100 times, and centrifuged at 450 rpm for five 
minutes. The water layer was then transferred to a 100-ml. centrifuge tube. All equip- 
ment coming in contact with the water-benzene mixture was carefully rinsed with 
water from a 30-ml. syringe, and the rinse water poured back into the conical centrifuge 
tube. This partition was repeated three times, using the same amount of water each 
time, and the water layers were collected and combined. The combined water layer 
from the partition was then extracted with chloroform three times, each extract being 
filtered into a 125-ml. Erlenmeyer flask, using Whatman filter paper No. 2 with some 
(approximately 2-3 Gm.) anhydrous sodium sulfate in the bottom of the filter. The 
chloroform was taken to dryness, the residue subjected to chromatography on Florisil 
columns and the Porter-Silber procedure carried out on the dry residue of the eluate 
containing 25 per cent methanol in chloroform (2). Table 1 shows that 100 mg. of com- 
mercial lactic acid added to 10 ml. of blood plasma could still produce significant color 
in the original Nelson-Samuels procedure, whereas a partition between water and ben- 
zene removed any interference due to this material. 


To investigate the validity of the water-benzene partition, various tests 
were performed. The benzene phase from 100 ml. of human plasma was 
dried down following the partition with water, and subjected to paper 
chromatography (11). No cortisol or cortisone could be detected, using the 
ultraviolet scanning technique (12) or the triphenyltetrazolium test (13). 
Three samples (1, 2 and 3 ug.) of cortisol and an amount of cortisol-4-C™“ 
equivalent to 200 counts per minute (c.p.m.) were each dissolved in tripli- 
cate samples of 10 ml. of human plasma which previously had been ex- 
tracted with chloroform. The chloroform extracts of these samples were 
subjected to water-benzene partition. Cortisol-4-C™ was counted in the 
chloroform extract of the water layer from the partition, and the 17-hy- 
droxycorticosteroids in the samples containing unlabeled material were 
determined by the Porter-Silber reaction after chromatography on Florisil. 
Table 2 substantiates the observation of Talbot et al. (9), inasmuch as the 
added material was recovered from the water phase of the partition within 
the limits of the methods used. The water and benzene phases from the 
partition of a chloroform extract of human plasma were taken to dryness 
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TABLE 1. DEGREE OF INTERFERENCE IN THE PORTER-SILBER REACTION INDUCED BY 
THE ADDITION OF 100 MG. OF COMMERCIAL LACTIC ACID TO 10-ML. ALIQUOTS OF 
POOLED HUMAN PLASMA 








Optical density at wavelengths of 





Condition 370 390 410 430 4650 
my my my my my 


A*® 





No lactic acid, N & Sf -100 .112 .108 .104 .072 .044 
No lactic acid, N & St -062 .080 .080 .072 .052 .046 
No lactic acid, N & St .046 .058 .054 .042 .020 .042 
Lactic acid added .120 .144 .146 .128 .095 .887 
Lactic acid added .1385 .150 .153 .1384 .105 .066 
Lactic acid added .204 .213 .216 .190 .148 *.080 
No lactic acid. Partitiont .028 .050 .057 .048 .026 .050 
No lactic acid. Partition{ .0382 .052 .060 .054 .036 .052 
No lactic acid. Partition .040 .056 .070 .060 .050 .050 
Lactic acid added. Partition .0382 .049 .056 .047 .025 .055 
Lactic acid added. Partition .050 .060 .068 .058 .032 .054 
Lactic acid added. Partition .060 .075 .080 .070 .044 .056 


CONOoOK WN eK 











*A =Twice the reading at 410 my divided by the sum of the readings at 370 mu and 
450 mu. 

+ Determination by the original method of Nelson and Samuels. 

t Partition between benzene and water was performed on the chloroform extract of 
this sample before chromatography on Florisil column. 


and subjected to acetylation with acetic anhydride-C™“ (14). Chromato- 
graphy on paper was then performed on these fractions. The benzene frac- 
tion did not contain any acetylated steroids resembling the acetates of 
cortisol or cortisone. 

The reproducibility of the method of Nelson and Samuels when a water- 
benzene partition is used prior to chromatography on Florisil, is shown 
in Table 3. There was little variation in the amount of Porter-Silber 


TABLE 2. RECOVERY OF KNOWN AMOUNTS OF CRYSTALLINE CORTISOL OR CORTISOL- 
4-C™4 IN THE WATER PHASE OF A WATER-BENZENE PARTITION ON CHLOROFORM 
EXTRACT OF HUMAN PLASMA 








Recovery 


% 


Cortisol 1 wg. 86, 84, 83 
Cortisol 2 ug. 91, 86, 89 
Cortisol 3 ug. 90, 92, 89 
Cortisol-4-C™ 200 c.p.m. above background 92, 90, 93 


Substance Amount added 
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TABLE 3. CurvEs OF PorTER-SILBER CHROMOGEN IN 10-ML. ALIQUOTS OF POOLED 
HUMAN PLASMA. ALL DETERMINATIONS WERE MADE BY THE NELSON-SAMUELS 
TECHNIQUE USING A WATER-BENZENE PARTITION. 








Optical density at the wavelengths of 





Technician 370 390 410 430 450 
mu my my my my 





R.H. .270 ; 264 .168 
R.H. .248 264 155 
R.H. .230 230 .130 
K.B-J. .149 ; .180 ll 
K.B-J. .170 .200 .120 
K.B-J. .140 .180 .110 
J.v.D. .200 , .210 £125 
J.v.D. .230 ; 235 .140 
J.v.D. 231 231.140 











* See footnotes to Table 1. 


chromogen recovered from pooled blood plasma by three different workers 
on three separate occasions using various batches of Florisil. Notable are 
the distinct peaks at 410 my and the rather narrow range among the 
Porter-Silber chromogen curves. 

In 1954 Silber and Porter described a method for the determination of 
plasma and urinary 17-hydroxycorticosteroids not employing chromato- 
graphic separation (7). Peterson and Wyngaarden (15) substituted purified 
methylene chloride for chloroform in the method of Silber and Porter. This 
change of organic solvent has improved the method of Silber and Porter 
considerably, and low blank readings and reproducible results can easily 
be obtained. In plasma from the normal human subject, this method offers 
distinct advantages over the method of Nelson and Samuels, since it is less 
time-consuming and avoids the loss of 17,21-dihydroxy-20-ketosteroids on 
Florisil columns. We have found, however, that in plasma obtained from 
subjects suffering from diseases of the liver and those subjected to various 
forms of severe change in body environment—“‘‘stress’’—there are pig- 
ments or unknown substances which cannot be removed by the purifica- 
tion steps described by Silber and Porter and which will interfere in the 
final development of the Porter-Silber chromogen in such plasma. Other 
workers have stated that certain drugs will also interfere. We have there- 
fore introduced the water-benzene partition into this method; this seems 
to achieve a purified Porter-Silber chromogen without the use of column 
chromatography. 
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A 4-ml. sample of plasma is diluted to 10 ml. with deionized water. If high levels of 
17-hydroxycorticosteroids (above 20 wg. per 100 ml. of plasma) are to be expected 
(16-20), 1 ml. of plasma diluted to 10 ml. with water may be used advantageously. The 
plasma is extracted three times with 15 ml. of methylene chloride (substituted for 
chloroform), as described by Nelson and Samuels (2), and the combined methylene- 
chloride layer is dried down to approximately 30-40 ml. in a conical glass-stoppered 
centrifuge tube. After the addition of 2.0 ml. of 0.1 N NaOH to the methylene chloride, 
the sample is shaken for two minutes and centrifuged. The methylene-chloride layer is 
then transferred to a clean conical centrifuge tube and taken to cscs The water- 
benzene partition previously described is performed on the dry methylene-chloride resi- 
due, and the water phase from the partition is extracted three times with 10-ml. portions 
of methylene chloride. The combined methylene chloride layers are transferred to a 
conical centrifuge tube through a small filter containing anhydrous sodium sulfate. To 
each tube is added 0.3 ml. of a solution comprising 10 mg. of recrystallized phenylhy- 
drazine dissolved in absolute ethanol-73.6% sulfuric acid (1:2). After the addition of the 
Porter-Silber reagent, the tubes are shaken vigorously for two minutes, and centrifuged 
for ten minutes. The methylene-chloride layer on top is removed by suction, using a 
vacuum pump with a trap. The samples are then incubated and read at 370, 390, 410, 
430 and 450 mu. As a blank, a sample of 10 ml. of deionized water is taken through the 
entire procedure. A reference standard of 0.5 ug. of crystalline cortisol dissolved in 10 
ml. of deionized water is also carried through the procedure. Table 4 indicates that 
closely reproducible results can be obtained on pooled blood plasma from subjects suffer- 
ing from liver diseases and other abnormal conditions. No major difference in values for 
plasma levels of 17-hydroxycorticosteroids is found between the method of Nelson and 


TABLE 4. CURVES OF PORTER-SILBER CHROMOGEN IN POOLED HUMAN PLASMA. ALL 
DETERMINATIONS WERE MADE IN TRIPLICATE, BY THE MODIFIED METHOD OF 
SILBER AND PORTER USING A BENZENE-WATER PARTITION 








Optical density at the wavelengths of 
Volume 


Condition extracted 370 390 410 430 450 
(ml.) my my my my my 





A*® 





496s; ; .137 = .098 
OG: : 107 —-.073 
083. , 111.075 
050. : 074 .045 
058 : .083 .059 
050 é .073 =.045 
056. ‘ .069 .040 
054 x ; .064 .035 
.040.—. : .060 .043 
. ae : .070 .034 
094. . .090 .048 
Fo eae ‘ .084 .040 


Normal 


Chlorpromazine-treated 


Cirrhosis hepatitis 


3 days post partum 


ae or or Or Or Gr Or Or Gr Gr 











* See footnotes to Table 1. 
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TABLE 5, PLASMA LEVELS OF 17-HYDROXYCORTICOSTEROIDS* DETERMINED BY THE 
NELSON-SAMUELS METHOD AND BY THE MODIFIED METHOD OF SILBER AND 
Porter. A WATER-BENZENE PARTITION IS USED IN BOTH PROCEDURES. 








17-OHCS 
(ug. per 100 ml. of plasma) 





Condition 
N&S Mod. 8 & P 
method ‘method 








— 


Normal 

Normal 

Normal 

3 days post partum 

3 days post partum 

3 days post partum 
Female dog control 

6 days hypophysect’d 


— 


Co Ww b 
on CO FN HW DO CO 
wWowonm— rt OD 
wWOwWNnNn eK 
orn NK kK OOO 
ComMDownrkhrre KP 











* The levels of 17-hydroxycorticosteroids were calculated on the basis of the recovery 
of known amounts of cortisol carried through both methods. 


Samuels and the method of Silber and Porter as modified by Peterson and Wyngaarden, 
if the benzene-water partition is used in both methods (Table 5). Crystalline cortisol in 
amounts varying from 0.1 to 1.6 wg. has been recovered in the range from 94 to 100 per 
cent by the modified Peterson and Wyngaarden method, and Table 6 indicates the high 
degree of reproducibility. 


DISCUSSION 


As Silber and Busch (21) have reported, most constituents which could 
conceivably be in plasma do not interfere with the Porter-Silber reaction. 
Yet interference has been reported (5). In the present studies, addition of 
TABLE 6. PorTER-SILBER CHROMOGEN CURVES FROM DIFFERENT AMOUNTS OF POOLED 


HUMAN PLASMA. ALL SAMPLES SUBJECTED TO THE MODIFIED SILBER-PORTER 
METHOD WITH A WATER-BENZENE PARTITION. 








Optical density at the wavelengths of 





Volume extracted 
(ml.) 390 410 430 450 


my my my my my 


A* A/ml. 








.058 ‘ : .057 ; -036 .018 
.086 : : .093 -067 -017 
125 ‘ : .135 : -105 .018 
8 . 140 2 . -060 3 .135  ¢ .017 
10 . 168 j : .198 ‘ 171 .017 








* See footnotes to Table 1. 
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ordinary reagent lactic acid yielded increased chromogen, using the method 
of Nelson and Samuels. This interference can be overcome, however, by 
the partition and subsequent chromatography on Florisil. 

The method of Nelson and Samuels as described in this paper has been 
used as a standard procedure for the determination of plasma 17-hydroxy- 
corticosteroids for fifteen months in our laboratory. Based on results with 
approximately 300 individual control plasma samples from the normal 
human subject, it is felt that the Porter-Silber absorbance curves are less 
distorted following the introduction of the water-benzene partition step. 
Even at minimal levels of 17-hydroxycorticosteroids in the plasma, a peak 
absorption at 410 my is seen. Since cortisol exhibits a peak at this wave- 
length in the Porter-Silber reaction, all unknown samples should be read at 
five different wavelengths, two of these readings being at either side of the 
peak absorbancy. This makes possible the recognition of excessive back- 
ground color. To depend upon one wavelength alone for the estimation of 
plasma 17-hydroxycorticosteroids, is dangerous and may easily lead to 
erroneous results. All unknown samples exhibiting greater absorbancy at 
390 my than at 410 my should be looked upon with skepticism. 

Previously, our group reported normal plasma levels of 17,21-dihydroxy- 
20-ketosteroids in man, ranging from 5 yg. to 23 wg. per 100 ml. (22). With 
improvement in method and better control of subjects over the last four- 
year period this normal span for adults between 20 and 50 years of age has 
decreased considerably. At present, when samples are drawn between 9 
A.M. and 2 p.M., the range seems to be from 7 ug. to 15 ug. per 100 ml. of 
plasma. In the fasting subject, any level of these steroids above 18 or 20 
ug. per 100 ml. should be considered pathologic unless proved otherwise. 

In comparing the method of Nelson and Samuels employing column 
chromatography with the modified method of Silber and Porter (7, 15), the 
latter offers certain distinct advantages if the water-benzene purification 
is used. It is less expensive and less time-consuming, making possible a 
greater number of analyses during one day. Further, this procedure can be 
performed with less loss of 17,21-dihydroxy-20-ketosteroids than in the 
original method of Nelson and Samuels, and a smaller amount of plasma 
is needed. For plasma levels of these steroids, both methods will yield 
values which are within the same range. These techniques are therefore 
reliable for the measurement of adrenocortical capacity and catabolism of 
steroids having a 17,21-dihydroxy-20-keto configuration. The method of 
Nelson and Samuels may still, however, be the more valuable method in 
certain studies, since fractions containing other steroids (such as 17- 
ketosteroids) can be eluted separately from those producing the Porter- 
Silber reaction (23). Also, if excess amounts of chromogens are present— 
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as occasionally found after the plasma has been incubated with 6-glucuroni- 
dase—a purification over Florisil may be of value. 

We should like to re-emphasize one point (7): The methods herein 
described remain micromethods and require the skill and care characteris- 
tic of all such methods. A scrupulous washing of glassware is necessary, 
including a soaking procedure in chromic acid for twenty-four hours fol- 
lowed by a thorough rinsing with tap water (20 times) and with distilled 
water (10 times), and drying in air. Technical training in the handling of 
pooled plasma and in the recovery of crystalline cortisol is also of impor- 
tance if reliable results are to be obtained. In our laboratory, technicians 
are trained for three to four months in these procedures, regardless of pre- 
vious training or laboratory background, before it is felt that they are in a 
position to be proficient in determining plasma 17-hydroxycorticosteroid 
levels using the Porter-Silber reaction. 


SUMMARY 


A water-benzene partition of the organic-solvent extract of blood plasma 
has been introduced as a step in purification for the determination of 
plasma 17-hydroxycorticosteroid concentration using the Porter-Silber 
color reaction for 17,21-dihydroxy-20-ketosteroids. This was undertaken 
in order to eliminate the presence of interfering background material and 
other substances in plasma which are capable of yielding a positive Porter- 
Silber chromogen. Employing this partition, the method of Nelson and 
Samuels with chromatography on Florisil was compared to the modified 
method of Silber and Porter without chromatographic separation. For 
routine determinations of the level of plasma 17-hydroxycorticosteroids, 
the latter method is to be preferred. In certain studies, however, chroma- 
tography on Florisil will offer advantages. 
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DETERMINATION OF CORTICOTROPIN (ACTH) IN 
HUMAN BLOOD AND URINE BY A MODIFIED 
OXYCELLULOSE METHOD 


TAKUO FUJITA, M.D.* 
University of Buffalo, Chronic Disease Research Institute,t Buffalo, N. Y. 


HE method of Sydnor and Sayers (1) for the determination of corti- 

cotropin (ACTH) in blood has been modified and shortened so that 
the entire procedure of concentrating corticotropin in an injectable volume 
can be completed within ten hours. With this new modification we have 
been able to inject the equivalent of 200 ml. of blood into a single test rat. 
The largest volume of blood which could be used by Sydnor and Sayers was 
40 ml.; and in normal subjects, corticotropin was undetectable in this 
amount (2, 3). By decreasing the amount of acetic acid mixed with blood 
and centrifuging the mixture before adding oxycellulose, we have suc- 
ceeded in removing toxic material which precluded the injection of vol- 
umes larger than 40 ml. equivalent. The modification is based on the 
technic developed by Takahashi for the determination of MSH in blood (4). 


The oxycellulose technic has also been applied to urine, so that the 
equivalent of a 24-hour urine sample can be tested in a single rat. 


METHOD 
Blood 


To 200 ml. of freshly drawn blood was added 60 ml. of glacial acetic acid. 
The mixture was stirred, diluted to 900 ml. by adding distilled water, and 
maintained with constant stirring at 70° C. for thirty minutes. It was then 
centrifuged at 3500 r.p.m. for fifteen minutes. The supernatant liquid was 
decanted and the pH was adjusted to 3.3 by the addition of glacial acetic 
acid or water. The precipitate was discarded. One gram of oxycellulose! 
was added to the supernatant fraction. The mixture was stirred for six 
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hours, and then filtered on a coarse sintered glass funnel. The oxycellulose 
on the funnel was washed with 0.1 N acetic acid until the washings were 
colorless. 

Elution was carried out either by column or by batch method. In the 
column method, oxycellulose was packed in a column of 7 mm. diameter 
and washed with 5 ml. of distilled water. A 2-ml. portion of 0.1 N HCl was 
then passed at a rate of approximately 1 ml. per fifteen minutes, followed 
by 5 ml. of distilled water at the same rate. The effluent from the column 
was tested with ‘‘universal pH paper’’ and all fractions with pH 2 or less 
were collected. In the batch method, corticotropin was eluted by stirring 
oxycellulose with 3 ml. of 0.1 N HCl at intervals for an hour. The mixture 
was then filtered through a medium sintered sass funnel. Further enon 
was then carried out with another 2 ml. of 0.1 N HCl. 


Urine 

A 24-hour specimen of urine collected over 60 ml. of glacial acetic acid 
was filtered, and the pH adjusted to 3.3. One gram of oxycellulose was then 
added. After stirring six hours, the process of elution described for blood 


was followed. 
All samples were assayed by the ascorbic-acid depletion method (5). 


RESULTS 
Recovery Experiments 
Transfusion blood 
A 2-milliunit sample of corticotropin (ACTH) was added to 200 ml. of 
outdated transfusion blood and the procedure of concentrating cortico- 
tropin was carried out as described. R represents the ratio of potency of the 
recovered sample compared to standard ACTH, and the range in parenthe- 
sis shows the limit of one standard error: 








Ascorbic-acid 
Date & Method depletion 
(mg./100 Gm.) 








I. Feb. 15, 1956. Column method 
Recovered sample 
2.0 mill. u. 139, 135, 100, 99 
0.97 
0.5 m.u. 65, 25, 93, 48, 55 (1.26-0.75) 
Standard ACTH , 19 
2.0 mu. 143, 142, 102 
0.5 m.u. 80, 76, 47, 72 
Blood blank —35, 10, —5 











Ascorbic-acid 
Date & Method depletion 
(mg./100 Gm.) 





II. Feb. 22, 1956. Column method 


Recovered sample : 
2.0 m.u. 122, 156, 157, 190, 30 


1.05 
0.5 m.u. 21, 102, —5, 55 (1.54-0.73) 
Standard ACTH 
2.0 m.u. 172, 132, 106, 100 
0.5 m.u. 51, 57, 79, 13 


. Feb. 7, 1956. Column method (only 0.5 Gm. 
oxycell. used; eluted with 1. ml. 0.1 N HCl) 


Recovered sample 
2.0 m.u. 199, 297, 114, 35 
0.62 
0.5 m.u. — 59, 67, —19 (0.90-0.43) 
Standard ACTH 
2.0 m.u. 147, 162, 180, 129, 251 
0.5 m.u. 49, 124, 46, 128, 57, 50 


. Mar. 6, 1956. Column method (stirring cont'd 
only 2 hrs.) 
Recovered sample 
2.0 m.u. 121, 158, 91, 100 
1.03 
0.5 m.u. 25, 124, 3 (1.39-0.77) 
Standard ACTH 
2.0 m.u. 145, 126, 135, 122 
0.5 m.u. 39, 29, 10 


. Mar. 20, 1956. Column method (stirring cont'd 
only 2 hrs.) 
Recovered sample 
2.0 m.u. 128, 60, 130, 107, 104 
0.70 
0.5 m.u. 67, —12, 26, 29 (1.07-0.46) 
Standard ACTH 
2.0 m.u. 82, 73, 229, 152 
0.5 m.u. —9, 140, 26, —3 
Blood blank 4, —16, 55 


. Apr. 17, 1956. Column method 
Recovered sample 
2.0 m.u. 200, 153, 174, 114, 207 
0.89 
0.5 m.u. 70, 102, 78, 65 (1,20-0.67) 
Standard ACTH 
2.0 m.u. 254, 187, 134, 196 
0.5 m.u. 41, 58, 95 
Blood blank — 36, 11,3 








April, 1957 METHOD FOR ACTH IN BLOOD AND URINE 


Blood from normal subjects 








Name _ Age & Sex 


Ascorbic-acid 
depletion 
by 200 ml. 

(mg./100 Gm.) 


Ascorbic-acid depletion 
by standard ACTH (0.25 m.u.)* 





35 
28 
30 
26 


72 
25 
22 


22 


24 
18 
. 34 
24 
27 


34 


30 
28 
24 
21 


26 
29 
26 
26 
19 
39 
30 
27 


59 F 


11, 6 
82, 16 

66, 5 

—35, —42 
—12, 50 
85, 62 

7,9 

55, 56 

72, 52 
(133 ml.) 
70, 75, 144 
(100 ml.) 





73, —6, 18, 31, 7, 106 (Av., 38): 0.5 m.u. 


35, 102, 7, 92, 46, 27 (Av., 51) 
58, 42, 85, 85, 15, 41 (Av., 65) 
35, 102, 7, 92, 46, 27 (Av., 51) 


58, 42, 85, 85, 15, 41 (Av., 65) 
35, 102, 7, 92, 46, 27 (Av., 51) 


58, —3, —3, 80, 37, 22 (Av., 32) 


35, 102, 7, 92, 46, 27 (Av., 51) 
58, —3, —3, 80, 37, 22 (Av., 32) 
35, 102, 7, 92, 46, 27 (Av., 51) 
3, 101, 104, 48, 42 (Av., 59) 


58, 45, 85, 85, 15, 41 (Av., 65) 
3, 101, 104, 48, 42 (Av., 59) 


35, 102, 7, 92, 46, 27 (Av., 51) 


23, 31, 79, 45 (Av., 45) 





* Ascorbic-acid depletion in response to physiologic sodium chloride was as follows: 
— 36, —1, —39,14,26, —44, —3, —19, —17,8,16,54, —30,19,10, —17, —2,10,16,24,5,9,46. 

{t Samples 1 and 2 were taken on different occasions. 

t Subject J.F. had a mild upper respiratory infection when sample 1.was drawn but 
was completely recovered when sample 2 was taken. 
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Urine (normal subjects unless otherwise specified) 








Collection 
Name _ Age & Sex period 
(hrs.) 


Ascorbic-acid depletion 
by standard ACTH 
(0.25 m.u.) 


Ascorbic-acid depletion 
(mg./100 Gm.) 





T.F. 26 M 24 45, 22, 47, 48, 35, 79, 6, 91, 92, 59 (Av., 62) 
87, 53, 30, 50 
J.B. 27 1} 24 186, 121 3, 101, 104, 48, 42 (Av., 59) 
ok. 4 24 61 113, 100, 86, 86 (Av., 96) 
S.L. 26 24 84 
FS. 51 24 26 
G.Z. 44 24 83 
12 72, 10 
R.B. 53 12 =i; 8 
ZB. - 2 12 12 
V.K. 28 12 —41, 12 
FS.* 45 F 12 69, 59 
B.E.t 20 12 68 
M.K.t 56 12 27 





* Hypertension. 
{ Thyrotoxicosis. 


DISCUSSION 


Earlier observations on the determination of corticotropin in blood (6- 
11), using small amounts of blood or plasma either directly or after extrac- 
tion by the acid-acetone technic (12), indicated a high concentration (30— 
200 milliunits per 100 milliliters of blood). Recently, lower levels of corti- 
cotropin by the same method were also reported. Parrott (13) was unable to 
find corticotropin in 4 ml. of plasma by a modification of the acid-acetone 
technic, an observation which may be interpreted as demonstrating less 
than 2.5 m.u. per 100 ml. of blood. Gaarenstroom et al. (14) used the 
equivalent of 20 ml. of plasma prepared by the same method, and ascorbic- 
acid depletions of more than 60 mg. per 100 Gm. were observed in 7 of 33 
normal subjects; this might indicate less than 0.5 m.u. of corticotropin per 
100 ml. of blood. After an extensive review of literature, as well as their 
own studies using direct injection of plasma, Paris and associates (15) 
concluded that corticotropin was not demonstrable in normal blood. 

The oxycellulose technic, although yielding adequate and consistent re- 
coveries, results in lower values than with other methods. Corticotropin 
has not been detectable in 40 ml. of blood obtained from normal _or febrile 
patients (2). Sayers (16) concluded that this low concentration was con- 
sistent with the results of clinical studies with intravenous administration 
of corticotropin, in which less than 12 m.u. of corticotropin per 100 ml. of 
blood seemed to induce a maximum adrenal response. 
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In our assays, the ascorbic-acid depletion induced by 0.25 m.u. of corti- 
cotropin was significantly different from that induced by physiologic 
sodium chloride (t=7.1). Taking all samples of blood as a group (52 sam- 
ples; average, 43 mg. of ascorbic-acid depletion per 100 Gm. of tissue, with 
a standard deviation of 48 and standard error of 6.7), and comparing this 
with a group of blood samples from subjects receiving injections of physi- 
ologic saline (23 samples; average, 2 mg. of ascorbic-acid depletion, with a 
standard deviation of 25 and a standard error of 5.3), a ¢ value of 4.8 was 
obtained. The difference between the means is highly significant (P less 
than 0.01). Comparing blood samples with 0.25 m.u. of standard cortico- 
tropin (36 samples; average, 53 mg. of ascorbic-acid depletion, with a 
standard deviation of 35 and a standard error of 5.8), the ¢ value was 
1.1—no significant difference. It appears, therefore, that the average con- 
centration of corticotropin in normal human blood is approximately 1.0 
milliunit per liter. 

Individual differences appear to be great. In Subject W. P. there was 
a detectable amount of corticotropin in 200 ml. of blood. In Subjects W. C., 
M. K., V: P. and B. K. the results also suggested the presence of cortico- 
tropin in the blood. In the other subjects, the evidence was less definite. 

The presence of corticotropin in urine has been a matter of even more 
controversy. Locke, Albert-and Kepler (17) did not consistently find cor- 
ticotropin in normal urine. Rubin, Dorfman and Dorfman (18) reported a 
very high value for corticotropin (more than 1 unit per liter) in fresh 
urine, using the Munson modification of the ascorbic-acid depletion 
method. This observation has not been confirmed by others. 

Our study indicates a significant difference between the results with 
physiologic saline and with 24-hour urine (16 samples; average, 66 mg. of 
ascorbic-acid depletion, with a standard deviation of 42 and a standard 
error of 10.4)—the ¢ value being 5.5. Against 0.25 m.u. of corticotropin, the 
t value was 1.1 and the difference was insignificant. The amount of cortico- 
tropin appearing in the urine of normal subjects appears to be of the order 
of 0.25 milliunit per day. 


SUMMARY 


A simplification of the oxycellulose technic for the determination of 
corticotropin (ACTH) in blood is described. 

In 5 of 27 normal subjects there were detectable amounts of cortico- 
tropin in 200-ml. samples of blood. The average value for the concentra- 
tion of corticotropin in the blood of normal subjects appears to be 1 milli- 
unit per liter. 

The oxycellulose technic was also applied to urine. Approximately 0.25 
milliunit of corticotropin was found per 24-hour specimen in normal sub- 
jects. 
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EXCRETION OF URINARY CORTICOIDS IN 
CONDITIONS OF CHRONIC ASTHENIA 


M. ALBEAUX-FERNET, M.D., P. BUGARD, M.D., D.Sc. ano 
J. D. ROMANI, M.D. 


Centre d’Endocrinologie, Hépital Laénnec, Paris, France 


T HAS been postulated that some disturbance in the secretion of the 

adrenal cortex is present in conditions of chronic asthenia. Several argu- 
ments seem to corroborate this theory; for example, asthenia is one of the 
major symptoms of adrenal insufficiency. Furthermore, recent researches 
on the role of the adrenals in fatigue and resistance to stress are in har- 
mony with the concept of a general hypofunction of these glands in 
asthenia. 

In fact the problem is quite complicated, since investigations on the 
adrenals with classical tests in fatigue conditions have not revealed gross 
alterations in the level of blood sugar and in electrolyte balance such as 
are observed in Addison’s disease. 

A new light has been shed on the functions of the adrenals by recent 
studies on corticosteroidogenesis (1, 2). It seems possible to determine 
whether the constant minor aggressions of everyday life and the major 
toxic, traumatic or infectious stresses may eventually disturb adrenocorti- 
cal metabolism and thus unbalance the elaboration of corticoids. Defects 
of corticosteroidogenesis have been found in other pathologic states (3, 4, 
5). 

The present study provides some evidence for this hypothesis from the 
study of patients who had undergone a series of setbacks in their profes- 
sional, social or emotional life. 


MATERIAL AND METHODS 


The study was carried out on 34 normal subjects and 52 subjects with chronic as- 
thenia. None of the latter had any disease to which one might ascribe the asthenia, and 
any obvious endocrine disturbances (such as thyroid or adrenal insufficiency or diabetes), 
cancer, tuberculosis, cardiovascular disorders or any other major disease were carefully 
ruled out. Table 1 lists the diagnoses, based on the clinical history. These patients 
complained of general asthenia, involving somatic, sexual and psychic activity. Other- 
wise, they were healthy and able to carry on a gainful occupation. All of them showed 
minor psychologic disturbance in relation to psychic trauma or maladaptation to the 
social or emotional aspects of their life. 

A. The function of the adrenal cortex was investigated by measuring the urinary 
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corticoids under basal conditions and after administration of corticotropin; changes in 
total eosinophil count were noted, in parallel. 

B. Urinary 17-ketosteroid excretion was measured by the Talbot-Jayle modification 
of the original Callow technic (6, 7). . 

C. In 40 cases corticoid output (C2-a-ketol corticoids and 17-hydroxycorticoids) 
was determined by a method described by Romani (8), involving acid hydrolysis of 
urines for twenty-four hours at 37° C. and chloroform extraction; and in 12 cases by 
a modification of this method described by Romani et al. (9), involving hydrolysis of 
urine samples with beta-glucuronidase and sulfatase, chloroform extraction and chro- 
matographic separation of the Ca-a-ketol corticoids on Florisil. In both procedures we 
estimated total reducing corticoids with the Folin-Wu reagent, and 17,21-dihydroxy-20- 
ketones with the phenylhydrazine-sulfuric reagent of Porter and Silber (10). In each 


TABLE 1 








Diagnosis No. of cases 





Industrial fatigue, including professional maladaption, disturbed interper- 
sonnel relations, or overwork 

Ex-prisoner of war 

Constitutional psychasthenia 

Chronic asthenia, simulating endocrine insufficiency 

Chronic asthenia with slight neurologic symptoms 

Asthenia with obesity 

Subjects recovering from infections 





method, urinary 17-desoxycorticoids (involving end-products of the metabolism of 
corticosterone and desoxycorticosterone) were estimated by calculating the difference 
between the total reducing corticoids (T.R.C.) on the basis of the Folin- Wu chromogens, 
and the 17,21-dihydroxy-20-ketones (17-hydroxy or Porter-Silber chromogens) in the 
same Florisil eluate (chloroform-ethanol 20 per cent). On the basis of paper chromato- 
graphic separation, enzymatic hydrolysis yields an excess of reducing material with the 
Folin-Wu reagent, which corresponds to the different reducing power of hydrocortisone 
metabolites; this excess has been estimated as 20 per cent of the value of the Porter- 
Silber. chromogens. Therefore, after enzymatic hydrolysis, it is necessary to subtract 
this excess from the value for total Folin-Wu chromogens (corrected T.R.C.). Of 34 
normal subjects, studied in association with the asthenics, 19 were investigated with the 
first technic (acid hydrolysis) and 15 with the second technic (enzymatic hydrolysis). 

D. The adrenal cortex was stimulated by intramuscular injection of 40 units of a 
long-acting ACTH (corticotropin-zinc phosphate, Organon). Previous reports by other 
authors have shown that this preparation induces an increase in the level of plasma 
17-hydroxycorticoids lasting at least twelve hours (11) and an eosinopenia culminating 
at the eighth hour (12). Total eosinophil counts were made on blood samples taken 
before, and at six and eight hours after injection of ACTH. Urinary excretions of 17- 
ketosteroids and of corticoids were determined in the 24-hour period immediately before 
and after this injection. 

In order to ascertain the disturbance in the excretion of a-ketol corticoids (ratio of 
17-hydroxy catabolites to 17-desoxy catabolites), in 6 selected cases, we made a more 
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precise study of corticoid excretion, using paper chromatographic separation of the 
corresponding fractions of the urinary extracts. Paper chromatography determinations 
were carried out with the Romani adaptation of the technic of Zaffaroni, involving: 
1) enzymatic hydrolysis of the urine (about a third of a 24-hour specimen) and isolation 
with Florisil chromatography of the Cx-a-ketol fraction, 2) double paper chromato- 
graphy on toluene/propylene-glycol, and 3) estimation, on eluates of each fraction 
identified on the paper strips, of the relative migration (RDOC), group reaction (reduc- 
tion of blue tetrazolium and determination of Porter-Silber chromogens) and absorption 
spectra in concentrated sulfuric acid (13, 14, 15). In 3 normal subjects and 6 subjects 
suffering of chronic asthenia it was found that the relative proportion of F catabolites 
and B catabolites could be estimated with sufficient accuracy in this manner. 


RESULTS 
I. Normal subjects 
17-Ketosteroids 


In 30 normal subjects, urinary 17-ketosteroids were uniformly higher in 
males than in females, corroborating previous studies. For males, the mean 
value was 16 mg. in twenty-four hours, with a range of 5 mg. between the 
extremes; for females, the values were significantly lower, the mean being 
about 10 mg., with a range of 5.5 mg. 


Corticoids 


The results with acid hydrolysis were different from those with enzy- 
matic hydrolysis (glucuronidase+sulfatase). After acid hydrolysis of the 
urines, the mean value (17-OH and T.R.C.) was slightly higher in males 
(4.7 mg.) than in females (3.7 mg.). There was remarkable concordance 
(within less than 0.5 mg.) in the values found for 17-OH and T.R.C. (16), 
suggesting that the major part of alpha-ketolic metabolites comes from 
compound F (tetrahydrocortisone and tetrahydrocortisol). 

The effect of administration of corticotropin in normal subjects is char- 
acterized by a severe eosinopenia; the increase in urinary corticoids, using 
acid hydrolysis, does not furnish a complete estimation of adrenal activa- 
tion, as the recovery of alpha-ketolic metabolites seems to be insufficient. 
Paper chromatography of acid urinary extracts shows degraded products 
of corticoid metabolites corresponding to a low level of Porter-Silber 
chromogen and to an altered coloration of end-products (17). However, 
from a clinical standpoint, the results with this method have been grossly 
confirmed by the results of the study on urinary enzymatic extracts. 

The determination of urinary corticoids with enzymatic hydrolysis is 
more accurate, as shown by the results of paper chromatography of these 
extracts (18, 19). The mean value for total reducing corticoids, determined 
by this method in 15 normal subjects was 5.7+1.1 mg. in twenty-four 
hours, with a range of 4.8 mg. (Fable 2). Of these alpha-ketolic metabo- 
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TABLE 2. ExcrETION OF Co-a-KETOL CORTICOIDS (17-HYDROXY AND 17-DESOXY 
FRACTIONS, AND 17-HYPROXY/17-DESOXY RATIO) IN 15 NORMAL SUBJECTS 
(ENZYMATIC HYDROLYSIS OF URINE) 








Total reducing corticoids 
(Folin)* 17-Hy- 17- Ratio 
Subject (mg./24 hrs.) droxyf | Desoxy§ | 17_Hydroxy 
. (mg./24 /17-Desoxy 
hrs.) 





Total Corrected 
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mean: mean: mean: 


mean: 5.7+1.1 
5.44+1.05 | 0.7+0.38 9.2+4.1 














* C.-a-ketol corticoids measured with Folin-Wu phospho-molybdotungstic reagent. 
+ Corrected value =total value minus 20% of total value (see text). 
t 17-Hydroxycorticoids, catabolites of compound F (cortisol) and eventually com- 


pound § (desoxocortisone). 
§ Corrected value of total reducing corticoids minus 17-hydroxy =catabolite of com- 


pound B (corticosterone) and desoxycorticosterone. 


lites, the proportion of 17-hydroxycorticoids was 5.4 +1.05 mg. (range, 4.8 
mg.), and of 17-desoxycorticoids, 0.7 +0.3 mg. (range, 1.2 mg.). The former 
represents the metabolites of compound F (tetrahydrocortisone and tetra- 
hydrocortisol) ; the latter represents the metabolites of both compounds B 
and desoxycorticosterone (mainly tetrahydro-derivatives). Calculation of 
the ratio of 17-hydroxy to 17-desoxy corticoids yielded high values (9.2 
+4.1), corroborating a predominance of F metabolites in normal man 
(Table 2). P 

Administration of ACTH involves a threefold to fivefold increase of 17- 
OH excretion. The interpretation of the increase in T.R.C. and 17-desoxy- 
corticoids with the Folin-Wu reaction, during ACTH stimulation, is diffi- 
cult. Paper chromatography is required for such a determination. 
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Paper chromatographic determinations were carried out on 3 normal 
subjects—2 in a basal condition and 1 under stimulation with corticotropin. 
The results showed that F metabolites are predominant in normal sub- 
jects; the ratio of F catabolites to B catabolites was above 5 and increased 
under stimulation with corticotropin (Table 5). 


II. Chronic fatigue syndrome 


In this group, we studied a) the excretion of total neutral 17-ketosteroids, 
b) the excretion of corticoids (17-OH and T.R.C.), c) the excretion of 
alpha-ketolic metabolites, using paper chromatography, and d) the effect 
of stimulation by corticotropin, using chromatographic techniques. 


Neutral 17-ketosteroids 


In 31 asthenic male subjects with an average age of 37 years (21 to 54 
years), the mean daily excretion was 12.5 mg., the extreme values being 5.0 
to 23.5 mg. per twenty-four hours. The values showed a certain degree of 
scatter and the excretion seemed generally low, compared to that for 30 
normal subjects of the same age group (16 mg. per twenty-four hours). 

Thus, in asthenia, there was a moderate, but significant decrease of 17- 
ketosteroids, with a large standard deviation of 5 mg. 

We have reported previously considerable variation in the mean 17- 
ketosteroid excretion in a group of aviation maintenance personnel whose 


occupation involved tiring work (13.7 +4.6 mg. for a mean age of 35 years) 
(18). 


Corticoids 


We shall study separately the results with acid hydrolysis and with en- 
zymatic hydrolysis of urine. The behavior of the metabolites of alpha- 
ketolic corticoids in chronic fatigue is of particular interest, as the changes 
seem highly significant. 

Acid hydrolysis. In 26 of 31 males the daily excretion of 17-hydroxy- 
corticosteroids was decreased. The values ranged from 0.9 mg. to 2.8 mg. 
per twenty-four hours. In 7 of 9 females, 17-OH excretion was low (Table 
3). 

The total reducing corticoids (alpha-ketolic side-chain) were decreased 
in parallel with the 17-OH in only 4 cases (11 per cent). In all other pa- 
tients (89.9 per cent), T.R.C. remained within normal limits. 

The lowest 17-OH values corresponded to normal T.R.C. Normal 17-OH 
values, although low, corresponded to increased T.R.C. This important 
dissociation between T.R.C. and 17-OH is evidence that the urine of these 
subjects contained substances which do not possess a hydroxyl group on 
C-17. 

Table 3 shows the magnitude of the excess of T.R.C. compared to 17- 
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TABLE 4. EXCRETION OF C2)-a-KETOL CORTICOIDS (17-HYDROXY AND 17-DESOXY 
FRACTIONS, AND 17-HYDROXY/17-DESOXY RATIO) IN 12 ASTHENIC SUBJECTS. 
(ENZYMATIC HYDROLYSIS OF URINE) 


























Total reducing corticoids 

(Folin)* 17- 17- Ratio 17- 

Subject Age (mg./24 hr.) Hydroxy} | Desoxy§ Hydroxy 

(yrs.) (mg./24 (mg./24 /17-Desoxy 

Total Corrected t hr.) hrs.) 

1. DR 51 11.9 10.7 6.1 4.6 1.3 
2. K 30 8.9 8.0 4.8 3.2 1.5 
3. P 24 5.9 5.5 2.2 3.3 0.6 
4. C 47 6.6 6.4 2.1 4.3 0.5 
5. Leg 26 7.4 6.7 3.6 3.1 1.1 
6. V 24 11.8 10.7 5.7 5.0 1.1 
7. B 36 9.2 8.1 5.5 2.6 2.1 
8. Rl 42 9.1 8.4 3.9 4.5 0.8 
9. R2 42 9.5 8.6 4.5 4.1 1.1 
10. Ge 37 13.5 12.6 4.5 8.1 0.5 
11. F 27 12.2 10.6 8.0 2.6 3.0 
12. G 35 2.0 1.8 1.0 0.8 1.2 
mean: 8.2+2.8 mean: mean mean: 

a ESE SE b SY. Pa sal Gy 2 1.2+0.9 

















* + t §—See footnotes to Table 2. 


OH, in sharp contrast to the agreement observed in normal subjects. 

Enzymatic hydrolysis. In 12 subjects, the results with alpha-ketolic corti- 
coids by enzymatic hydrolysis confirmed the data of acid hydrolysis (Table 
4). 

In asthenic subjects, the mean value for T.R.C. was more elevated than 
in normal subjects (8.2 +2.8 mg. per twenty-four hours, with a range of 
8.9 mg.). This increase was mostly due to the elevation of the 17-desoxy 
fraction, the mean value of which was 3.8 +1.7 mg. (range, 7.3 mg.). The 
17-OH fraction was only slightly decreased (mean, 4.3+1.7 mg., with a 
range of 7 mg.). 

The ratio of 17-hydroxycorticoids to 17-desoxycorticoids is decreased in 
asthenic subjects, being 1.2 (Table 4) compared to 9.2 (Table 2) in normal 
subjects. This decrease is strong evidence of a functional adrenal insuf- 
ficiency in chronic fatigue. 


a-Ketolic corticoids determined by paper chromatography 


Paper chromatographic determinations of C2:-a-ketol steroids were per- 
formed in 6 cases of chronic fatigue. The different metabolites were identi- 
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fied by the migration rate (RDOC), group reactions, and spectra in sul- 
furic acid. The results of these investigations are listed in Table 5. 

Except in Subject 5 (discussed in connection with ACTH stimulation in 
chronic asthenia), there was a decrease of F catabolites contrasting with an 
increase of B catabolites. 


Functional response of the adrenal cortex to stimulation with corticotropin 


The excretion of urinary 17-ketosteroids and corticoids before and after 
injection of long-acting corticotropin (Cortrophin Z) in 11 of our patients 
is shown in Table 6. In the twenty-four hours following injection of corti- 
cotropin a variable but definite increase of urinary corticoids (17-OH and 
T.R.C.) occurred. In 8 of the 11 cases an eosinopenia of 90 per cent or more 
was found; in the remaining 3 cases (Nos. 1, 2 and 8, Table 6) either the 


TABLE 5. DETERMINATION OF F AND B CATABOLITES* AND F/B, RATIO IN URINE 
OF NORMAL AND OF ASTHENIC SUBJECTS 








F catabo- B catabo- 
he , ek lites lites 
Subject Clinical status (mg./24 (mg./24 F/B ratio 


hrs.) hrs.) 





Normal 
Normal 
Normal—ACTH 
Fatigue 
Fatigue 
—ACTH 
24 Fatigue 
—ACTH 
7. 26 Fatigue + obesity 
8. Ch 30 Fatigue 
9. Pf 27 Fatigue 
ot SH 
10. LeG 27 Fatigue 
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* The F (hydrocortisone) and B (corticosterone) catabolites were calculated on the 
basis of paper chromatography of the extracts obtained from one-fifth to four-fifths of 
a 24-hour urine (hydrolysis with 6-glucuronidase+sulfatase). Recovery of alpha-ketolic 
metabolites, under our chromatographic conditions, was about two-thirds of total 
amount. 

{ There was an abnormal decrease of the F/B ratio after ACTH, but the increase in 
total 17-OH, determined chemically and by paper chromatography was normal (from 
1.3 mg. to 7.1 mg.). The basal values were abnormally low. 

t There was a decrease of 17-OH during ACTH stimulation—from 3.3 mg. to 2.3 
mg. per 24 hours. The F/B ratio was subnormal. 
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TABLE 6. FUNCTIONAL RESPONSE OF THE ADRENAL CORTEX TO CORTICOTROPIN 


(ACTH) In 11 PATIENTS WITH CHRONIC ASTHENIA 








Subject and 
occupation 


Diagnosis 





. (C.) Typographer 


. (C.) Employee 


. (G.) Employee 


. (H.) No definite 
work 
. (L.) Student 


. (M.) Employee 


. (M.) Farmer 

. (M.) Aviation 
maintenance 

. (P.) Drawing 
master 


. (P.) Foundry 
workman 
. (M.) Employee 


* Acid hydrolysis. 
+t Before ACTH. 
t After ACTH. 








Chronic asthenia; ex- 
prisoner of war with 
intestinal ulcer 


Chronic asthenia; pro- 
fessional maladapta- 
tion 

Present prisoner of 
war 

Chronic asthenia; re- 
signd soldier 
Recovering from mild 
tuberculosis 

Present prisoner of 
war 

Chronic asthenia 
Industrial fatigue, 
overwork, psoriasis 
Chronic asthenia; 
present prisoner of 
war 

Asthenia with pneu- 
moconiosis 

Chronic asthenia with 
vertigo 





Blood eosinophils 
(per cu. mm.) 


Bef.t 


274 





Aft.t 


31 








Eosino- 
penia % 


Urinary* 
17-keto 
(mg. /24 

hrs.) 


Urinary 
17-hy- 
droxy 

(mg. /24 

hrs.) 


Urinary 
tot. reduc- 
ing cor- 
ticoids 
(mg. /24 
hrs.) 





Bef. | Aft. 


Bef. | Aft. 





88 











3.1 | 2.7 








3.4) 4.5 





eosinopenia did not reach the level of 90 per cent, or there was only a slight 
increase of urinary corticoids, especially 17-OH. In all other instances the 
eosinopenia was clear-cut, indicating adequate stimulation of the adrenal 
cortex during the first eight hours after injection of corticotropin. 

This satisfactory eosinopenic response contrasted with the low excretion 
of urinary steroids compared to that of normal subjects submitted to the 
corticotropin test. Furthermore, the 17-OH fraction increased less than the 
total corticoids, suggesting an increased production of 17-desoxycorticoids 
(corticosterone) under the influence of corticotropin. 

This dissociation of 17-OH and T.R.C., which was already apparent in 
the asthenic patients prior to stimulation with corticotropin, became more 
evident after stimulation. 

In addition to the determination of C.-a-ketol metabolites, using acid 
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TABLE 7. DETERMINATION OF URINARY 17-OH-cortTICOIDS (ENZYMATIC HYDROLYSIS) 
IN NORMAL AND IN ASTHENIC SUBJECTS UNDER STIMULATION WITH LONG-ACTING 
CORTICOTROPIN (ACTH) 








Urinary 17-OH-corticoids 


: : (mg./24 hrs.) 
Diagnosis 





Before ACTH | After ACTH 





14. 
28 
10. 
19 
24. 

8. 
14. 
12. 
17. 

ae 
12. 

ve 


Normal 

Normal 

Normal 

Normal 

Normal 

Reb. Anorexia 

G. Normal 

FE: Anorexia 

C. Anorexia 

10. Roc.* Chronic asthenia 
ll. F. Chronic asthenia 
12. M. Chronic asthenia 
13. S. Chronic asthenia 
14. Fa. | Chronic asthenia 


15. Pit Chronic asthenia 
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* Case 10 corresponds to Case 5, Table 5. Paper chromatography in this case showed 
a decrease of the urinary F/B ratio after ACTH. 

ft Case 15 corresponds to Case 9, Table 5. There was a decrease in 17-OH during 
stimulation with ACTH, although the F/B ratio was normal. 


hydrolysis, we studied the magnitude of 17-OH excretion following ad- 
ministration of corticotropin to normal and to asthenic subjects, using 
enzymatic hydrolysis. These results are listed in Table 7. 

The pattern of 17-OH excretion under ACTH stimulation in asthenic 
subjects pointed to a defect of production of cortisol by the adrenals. 
Chromatographic studies demonstrated an increase in the relative excre- 
tion of corticosterone (or dehydro-corticosterone) catabolites. In Case 10, 
in which the F/B ratio was normal prior to corticotropin, adrenal stimula- 
tion with corticotropin induced a decrease in this ratio, and a marked ex- 
cretion of 17-desoxy catabolites. 

In normal subjects the increase in 17-OH corticoids after administration 
of corticotropin ranged between 174 and 747 per cent; in the cases of 
chronic asthenia, this increase ranged between 0 and 142 per cent. 


DISCUSSION 
This study of urinary corticoids (17-keto and a-ketolic)* throws some 
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new light on chronic fatigue. The lack of gross disturbances of the adrenals, 
points to a dysfunction rather than a total impairment. 

Cortisol (compound F) and corticosterone (compound B) have been 
found in adrenal venous blood and in peripheral blood, and are quantita- 
tively the most important part of adrenocortical secretion. The F/B ratio 
may present some variations. 

Romanoff et al. (19) have shown a predominant secretion of compound 
F in adrenalectomized patients with cancer, and during stimulation with 
corticotropin (ratio F/B=10). Sweat (20) related variable amounts of 
compound B in peripheral venous blood with a predominance of compound 
F (F/B ratio, 2.5 to 6.3), as previously reported by Cope and Hurlock (21). 

Paper chromatography of extracts of enzymatically hydrolyzed urines 
yields evidence of steroids related to corticosterone—allo-pregnane-3qa, 
118, 21-triol-20-one (allo-tetrahydro B); pregnane-3a,118,21-triol-20-one 
(tetrahydro B); and pregnane 3a,21-diol-20-dione (tetrahydro A) (22-26). 
Their amount is very low compared with that of cortisol metabolites 
(tetrahydro-cortisone and tetrahydrocortisol), the ratio being grossly F/B 
=5. Our data are in good agreement with those previously reported. 

The role of corticoids in chronic fatigue requires some further comment. 
The moderate decrease in urinary neutral 17-ketosteroids does not furnish 
an adequate indication of the degree of adrenal dysfunction, since the 17- 
ketosteroids are a heterogenous group of catabolites of testicular and 
adrenal androgens, and 17-OH corticoids. 

Our study of 17a-ketol, Cx urinary corticoids (with or without 17a- 
hydroxyl), using different techniques (chemical measurements after acid 
and enzymatic hydrolysis, and paper chromatography), provides better 
evidence of a specific adrenal impairment in chronic fatigue. Our first 
studies in 40 asthenics (Table 3) show a lack of correlation between a-ketol 
catabolites of cortisol and corticosterone. More accurate methods, using 
enzymatic hydrolysis, comparative studies of Porter-Silber chromogens 
and reducing power with Folin-Wu reagent (9) or blue tetrazolium (28), 
show a definite increase in the excretion of 17-desoxy compounds compared 
with 17-hydroxy compounds. The urinary 17-hydroxy/17 desoxy ratio, 
which is 9.2 in normal man, is decreased in asthenic subjects (1, 2)—repre- 
senting an excess of corticosterone and eventually desoxycorticosterone 
catabolites. 

Results of paper chromatography furnish further confirmation, showing 
increased amounts of tetrahydro-B, allotetrahydro-B and tetrahydro-A in 
chronic fatigue. 

Stimulation with corticotropin in this condition does not increase the 
F/B ratio as compared with normal man. The 17-OH fraction is increased 
only slightly, whereas the B catabolites are magnified. Thus the basic dis- 
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17-OH mg. / 24h. 


Fig. 1. 17-Hydroxycorticoids and total 
reducing corticoids in normal men and 
women. The values for 17-OH and TRC 
are roughly similar. The mean value for 
corticoids is lower in women (circles) than 
in men (dots). (Acid hydrolysis of urine.) 


Volume 17 





TRC mg. / 24h. 











' ' v 


6 8 
17-OH mg. / 24h. 


Fig. 2. 17-Hydroxycorticoids and total 
reducing corticoids in 36 cases of chronic 
asthenia. There was significant dissocia- 
tion between TRC and 17-OH due to the 
presence of an excess of 17-desoxycorti- 
coids, metabolites of corticosterone. (Acid 
hydrolysis of urine.) 


crepancy between B and F catabolites is exaggerated by administration of 
corticotropin in chronic asthenia, as shown in Figures 1-3. 

This evidence suggests an alteration of adrenal function in chronic 
asthenia. Several authors cited by Hechter and Pincus (2) have demon- 





CORTICOIDS (17-OH and TRC) mg. / 24h. 








Pre Post 
ACTH 
ASTHENIA 


Pre Post 
ACTH 
NORMAL 


Fic. 3. Effect of 40 usp units of zinc 
corticotropin in normal (left) and in 
asthenic subjects (right). The black col- 
umns represent 17-OH-corticoids and the 
white columns, total reducing corticoids. 
(Acid hydrolysis of urine.) 
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strated an enzymatic process in the adrenal cortex which elaborates the 
cortical hormones. In human adrenals, the trend toward a predominant 
production of 17-hydroxycorticosterone seems to be localized at the level 
of the intermediary link of progesterone; an enzyme then hydroxylates C- 
17. If this hydroxylation does not occur, the biosynthesis continues toward 
corticosterone. In normal conditions, only a small portion of the metabo- 
lites seems to escape this 17-hydroxylation. 

In chronic asthenia the procedure apparently is different. The occurrence 
of a considerable amount of 17-desoxy metabolites in basic conditions, and 
the even greater amount after stimulation by corticotropin, shows deficient 
17-hydroxylation in the adrenal cortex. This alteration of cortical secretion 
may be ascribed to a disturbance in the enzymatic process. One might com- 
pare this disturbance of .17-hydroxylation to the alteration which takes 
place in the 21-hydroxylation in congenital adrenal hyperplasia, as re- 
ported by Bongiovanni et al. (30). Yet there is a difference between these 
two procedures. Whereas 17-hydroxylation may be skipped and hormonal 
biosynthesis occur through the pathway of corticosterone, no such exit ex- 
ists for 21-hydroxylation. 

Repeated stress in asthenic subjects may thus involve a decrease of the 
adrenocortical power of 17-hydroxylation, producing a steroid with gluco- 
corticoid and anti-inflammatory properties clearly inferior to those of corti- 
sol (31). This may explain certain symptoms of chronic asthenia, such as 
continual ‘‘tiredness”’ and the tendency to hypoglycemia. 


SUMMARY 


Study of the excretion of urinary corticoids in chronic asthenia under 
basal conditions and under the influence of long-acting corticotropin has 
yielded the following data: 

1. Urinary 17-ketosteroid excretion is subnormal; the decrease is mod- 
erate and does not attain the level usually observed in organic adrenocorti- 
cal failure. 

2. Excretion of Cx,17-desoxycorticoids is relatively increased, suggest- 
ing an alteration in the enzymatic process of 17-hydroxylation in the adren- 
als of these subjects. 

3. This disturbance of cortical biosynthesis seems to induce an increased 
secretion of corticosterone. The increased secretion of this particular corti- 
coid instead of hydrocortisone may explain the disturbances which char- 
acterize chronic asthenia, as corticosterone has less glucocorticoid activity. 

4. In asthenic subjects, stimulation with corticotropin produces only a 
slight increase in 17-ketosteroids and corticoids. Furthermore, this stimu- 
lation accentuates the dissociation between the decreased amounts of 17- 
hydroxycorticoids and the excess amounts of 17-desoxycorticoids. 
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5. Consequently, there is a condition of moderate adrenocortical insuf- 
ficiency in chronic asthenia, which is of functional nature and due to a 
disturbance in the process of 17-hydroxylation. 
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T IS generally recognized that the steroids of human urine are princi- 
pally conjugated to sulfuric acid and to glucuronic acid. Although the 
urinary corticosteroids (such as the metabolites of cortisol and corticoster- 
one) are for the most part quantitatively released from their water-soluble 
forms of conjugation by incubation with various preparations of §-glu- 
curonidase (1), the urinary 17-ketosteroids are not. Only 40 to 65 per cent 
of the total 17-ketosteroids of normal urine are hydrolyzed by 6-glucuroni- 
dase (2-5). 
We have directed our attention to the examination of the individual 17- 
ketosteroids released enzymatically from human urine. This has been ac- 


complished by means of chromatography on paper followed by elution of 
the individual steroids and their quantitative measurement by the Zim- 
mermann reaction. 


EXPERIMENTAL 


Normal male urine 


A. Varying amounts of 6-glucuronidase! were added to 25-ml. portions of a pooled 
male urine specimen after adjusting to pH 5, and the urines incubated at 37° C. for 
forty-eight hours. The 17-ketosteroids were extracted with ether-chloroform (4:1) (6) 
and determined by the Wilson micro-modification of the Callow method (7). The results 
(Table 1) show that a minimum of 50 units of liver 6-glucuronidase per ml. of urine was 
necessary for maximum release of 17-ketosteroids. 

B. A 250-ml. portion of the urine was incubated with 6-glucuronidase (100 units per 
ml. of urine) as described. After forty-eight hours the mixture was extracted with ether- 
chloroform (4:1). The extract was washed with cold sodium hydroxide (0.1N) and 
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1 The enzyme preparation used throughout this study was a brand of beef liver 
6-glucuronidase named Ketodase (Warner-Chilcott Laboratories, New York). This 
preparation was found during this study to contain no steroid sulfatase when tested 
with sodium dehydroepiandrosterone sulfate as substrate. 
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TABLE 1. 17-KETOSTEROIDS OF NORMAL MALE URINE RELEASED BY 


B-GLUCURONIDASE 


(25 ml. of urine (pH 5.0) incubated at 37° C. for forty-eight hours and extracted 
with ether-chloroform (4:1) 








8-Glucuronidase 
(units/ml.) 


17-Ketosteroids 
(ug. per 25 ml.) 





10 
25 
50 
100 





185, 204 (195) 
286, 298 (292) 
474, 325 (400) 
405, 450 (427) 





treated with Girard’s reagent T to provide a neutral ketonic fraction which was subjected 
to quantitative paper chromatography in the ligroin-propylene glycol system (8) as 
described by Rubin e¢ al. (9). The individual 17-ketosteroid zones were eluted and the 
17-ketosteroid content of each determined by the Wilson method (7). The values ob- 
tained are listed in Table 2. The identity of each steroid was verified by absorption 


spectra in sulfuric acid (10). 


C. One liter of the pooled urine was adjusted to pH 1.0, 150 ml. of concentrated 
hydrochloric acid added, and the mixture refluxed with 250 ml. of carbon tetrachloride 


TABLE 2. 17-KETOSTEROIDS OF NORMAL MALE URINE (POOL) 








17-KS (mg./liter)* 





Per cent B-gluc. 
recovery in terms 




















Steroid Hydrolysis with | Hydrolysis with | of HCI-CCl, 
HCI-CCht B-glucuronidase f recovery 

Total ketonic fraction§ 19.80 8.4 42 
Ardrosterone 5.10 1.04 20 
11-Ketoandrosterone 0.34 0.08 23 
11-Hydroxyandrosterone — 0. a 55 

as 9,(11)-androstenolonel| 0.27 none 
Etiocholanolone 5.55 3.84 69 
11-Ketoetiocholanolone 1.09 0.87 80 
11-Hydroxyetiocholanolone —_— 0. re 93. 

as 9,(11)-etiocholanolonel| 0.29 none 

Total recovered | 12.68 (64%) § .80 (69%) 








* Determined by Wilson micro-modification (7) of the Zimmermann reaction. 

+ Fifteen volumes of conc. HCl per 100 ml. of urine, refluxed under CCl, for twelve 
hours; CCl, replaced with fresh solvent and urine refluxed for additional twelve hours. 

¢ Urine treated with liver 8-glucuronidase preparation, 100 units per ml., at pH 5.0 
and 37° C. for twenty-four hours. 

§ Ketonic fraction prepared from total neutral extract by Girard reagent T. 

|| The values were determined spectrophotometrically, and are maximum amounts: 
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for six hours. The carbon tetrachloride was then replaced with another 250-ml. portion, 
and the mixture was again refluxed (9). The combined extracts were evaporated and the 
procedure described in paragraph B was carried out. Table 2 presents the results of 
chromatographic and colorimetric determinations of the individual 17-ketosteroids 
following acid hydrolysis. The estimation of the amounts of 9,(11)-dehydro derivatives 
of androsterone and etiocholanolone (resulting from the action of mineral acid on 
118-hydroxyandrosterone and etiocholanolone) present in the androsterone and etio- 
cholanolone zones (8) was made by means of sulfuric-acid chromogen spectra (Savard, 
unpublished). 

D. The data recorded in Tables 3 and 4 were obtained by the following procedures: 
a) total 17-ketosteroids were determined on aliquots of 24-hour specimens by the method 
of Drekter (11), and b) 100 ml. of each specimen was adjusted to pH 5.0, incubated with 
6-glucuronidase (100 units per ml.) for forty-eight hours at 37° C., and extracted with 
dichloromethane. The dried extract was evaporated to dryness under reduced pressure 
and transferred to a 1.0-ml. volumetric flask. Four 100-u]. (0.1 ml.) aliquots of the 
solution were chromatographed on filter paper. After development for twenty-four 
hours and drying, two of the strips were used for location and characterization (‘‘mixed” 
chromatogram) of the zones of androsterone and etiocholanolone; the corresponding 
areas of the other two strips were eluted and their 17-ketosteroid content determined 
quantitatively by the Zimmermann reaction (12). Additional verification of the nature 
of the steroids eluted was made by means of the sulfuric-acid chromogens. 


RESULTS AND DISCUSSION 


The results of Experiment B, shown in Table 2, indicate that 6-glu- 


curonidase releases less than half of the total 17-ketosteroids present in 
human male urine. This is in agreement with the data of Glenn and Nelson, 
who used the same liver enzyme preparation (2), as well as with the results 
of others who used enzymes of bacterial (3, 4) or splenic (5) origin. Results 
of analysis of the 6 steroids (Table 2) show that incomplete hydrolysis of 
the 17-ketosteroid conjugates is not confined to any single individual ster- 
oid or group of steroids, but is incomplete for all 6 investigated; the seventh 
important urinary 17-ketosteroid, dehydroepiandrosterone, has not been 
observed by the authors in extracts of 6-glucuronidase-treated urine (13). 
The quantities of androsterone and of 11-keto- and 118-hydroxyandroster- 
ones obtained following enzymic treatment of the urine were only 20 to 55 
per cent of the amounts obtained following acid hydrolysis, whereas the 
amounts of etiocholanolone, 11-keto- and 118-hydroxyetiocholanolone 
were between 69 and 93 per cent of the acid-treatment values. The impli- 
cation to be drawn therefore is that these 6 steroids are only in part conju- 
gated to glucuronic acid.? Since additional treatment of this and other 
urines with a second amount of 6-glucuronidase failed to yield additional 





2 The conclusion drawn here is in the tradition of current thought in this field (1, 14, 
15) and should be considered contingent upon more direct evidence such as isolation or 
demonstration by paper chromatography (24) of the steroid conjugates. 
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TABLE 3. AMOUNTS OF ANDROSTERONE AND ETIOCHOLANOLONE (MG. PER 24 HRS.) 
RELEASED BY 6-GLUCURONIDASE HYDROLYSIS OF URINE IN GROUPS OF NORMAL 
AND DISEASED SUBJECTS 








Androsterone Etiocholanolone 





Pathology 
Wt. %17-KS Wt. %17-KS 











Normal males 


























Normal females 





$s 


t 


- 
SCUEMNOURwWNH 
i 
e ONS We KK ON 
COrarWnNNN OS W 
moooroooreo 
SSRSESSVSSE 

ne 

wWOwmWomoarnnana 
AwmAaawnnd an ty 
Nore NN RPK WD OO 
CON AOR AHO WW 
mm CO tS Wm D&O 

DWmWWAwwn a 

ONwWrOwWnNO OS 
OOP Dow OH Pm tO 
ee wOwoooracec 


_ 








Mean + S.D. 
Mean+S.D. (m. & f.) 


2.8+1.6 
2.641.4 26.448.4 


xs 
HH 
bed 
a 
He 




















Diseased males 





Asthma 
Asthma 











Asthma 
Asthma Cortisol 
Asthma 
Basal-cell 
carcinoma 
Hypertension 
Polyarthritis 
Breast cancer | Thyroid; 
cortisone 
Breast cancer | Thyroid; 
cortisone 
9 * 8 5.6 y J Cushing’s 
synd. 


10 4.6 : 8.3 
1.4 


11 10.7 r i Breast cancer 























Meant S.D. (m. &f.) 9.647.6 





* Determined by the Drekter method (11). 
t Calculated for the combined values for males and females. 
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amounts of 17-ketosteroid, it is apparent that these steroids remain unex- 
tractable in other conjugated forms, most likely as sulfates (14, 15). This 
well recognized point is borne out in the recently successful use of com- 
bined 6-glucuronidase and steroid sulfatase preparations of molluscular 
origin which are effective in releasing most if not all of the 17-ketosteroids 
of urine (16-18). The present study, in showing this apparent dual form 
of conjugation of androsterone and its 11-keto and 118-hydroxy deriva- 
tives, and of etiocholanolone and 11-keto and 118-hydroxyetiocholanolone, 
parallels the findings of Cohen and Bates in the case of the estrogens of 
human urine (19). 

The 24-hour excretion levels of androsterone are 3.36+0.57 mg. in 
males and 3.80 +0.59 mg. in females; the 24-hour value for etiocholanolone 
is 3.89 +0.59 mg. in males and 3.05 +0.56 mg. in females (9, 20, 21). In 
directing our attention particularly to the amounts of these two major 
components of the urinary 17-ketosteroids released enzymatically from the 
urines of human subjects, it is apparent from Tables 3 and 4 that only a 
fraction of the totals are hydrolyzed. Among the normal subjects aged 20— 
44 years, the average amount of androsterone obtained by enzymatic 


TABLE 4. AMOUNTS OF ANDROSTERONE AND ETIOCHOLANOLONE (MG. PER 24 HRs.) 
RELEASED BY 6-GLUCURONIDASE HYDROLYSIS OF URINE IN 3 SUBJECTS 








Androsterone Etiocholanolone : 
Total Ratio 


17-KS* Wt. %17-KS % 17-KS E/A 





Subject 


= 








22 
20 
27. 
18, 
21. 
25. 
18. 
13. 
14. 
33. 
36. 
27. 
18 
36. 
27. 
47. 


42 
.39 
47 
.78 
-66 
36 
80 
46 
30 
20 
30 
50 
46 
10 
.88 
.90 


1 (M) 


— 


NDAOWWOHOHO ORR Y 
PAW MOINI AS 


SCOMAMONOSOHORwWaDN HO 


a 





KOMP eKFHHE HE OCOCOCCCCOCS 
m= DD DD WNW Om wm wm es ese 
KP ROOCOWNONNNNIOM WO 
RPWRORNAYUNNTDONYNOAE 
WNNE END EWN NY EDD ww Ow 
KIND RWWOORHEUDA WD wo 








Qn 
%@© 
S> 


25. 


S 
cS) 
S 








Average 0.87 





* Determined by Drekter method (11). 
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treatment was 0.84 +0.41 (range, 0.42 to 1.70) mg. per twenty-four hours, 
and the amount of etiocholanolone was 2.5+1.4 (range, 1.3 to 6.8) mg. 
per twenty-four hours. The values in the few diseased people who were 
studied fell, for the most part, within the foregoing ranges. The overall 
picture in normal males and females and in sick people (male and female) 
presented an arresting regularity. Androsterone values were respectively 
8.9+0.40 and 9.5+7.6 (range 1.6 to 28.0) per cent of the total 17-keto- 
steroid level. Etiocholanolone values were respectively 25.4+8.4 and 
24.5 +12.8 (range 4.4 to 41.5) per cent of the total. Among the individual 
subjects studied for more than a single day (Table 4) the values were 
reasonably constant. 

A point of extreme interest in the results of this study is the consistently 
higher amount of etiocholanolone than androsterone that is released by 
8-glucuronidase (13). When the absolute amounts (in mg.) of these two 
steroids are expressed as the ratio etiocholanolone/androsterone (E/A) 
per 24:hours (Tables 3 and 4), the excess of the former over the latter 
is.reflected in the ratio being always greater than 1 (except in the single 
case of advanced cancer, Table 3). Normal people, both males and fe- 
males, show a similar ratio of 3.5+1.4. Furthermore the E/A ratio varies 
only slightly from day to day in single individuals studied (Table 4). 
Similarly, greater amounts of 11-keto and 118-hydroxyetiocholanolone 
than those of the corresponding oxygenated derivatives of androsterone 
are obtained after enzyme treatment (Table 2); here the E/A ratio is 
4.9. The data point to etiocholanolone and 11-keto-118-hydroxyetiocholan- 
olones being conjugated to glucuronic acid to a much greater extent than 
androsterone and 11-keto and 118-hydroxyandrosterones. A plausible ex- 
planation of this phenomenon lies in a consideration of the origin of the 
urinary derivatives of etiocholanolone. In human metabolism, in contrast 
to androsterone (5a) and its derivatives, etiocholanolone derivatives (58) 
are formed directly from both Ci, and Cx precursors (22). The latter are 
almost exclusively conjugated to glucuronic acid (14) and in the course of 
transformation to 17-ketosteroids of the etiocholane (58) series (22), the 
acid of conjugation remains unchanged. Supporting this concept is the 
fact that 8-glucuronidase (liver) releases more than 90 per cent of urinary 
17-ketosteroids consisting almost totally of 11-keto and 118-hydroxyetio- 
cholanolone (resulting from exogenously administered corticosteroids, 
tetrahydrocortisol (23) and cortisone (15). 


SUMMARY 


Incubation with 6-glucuronidase releases from urine only a fraction of 
the total amounts present of androsterone, 11-ketoandrosterone, 116-hy- 
droxyandrosterone, etiocholanolone, 11-ketoetiocholanolone, and 116- 
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hydroxyetiocholanolone. A significantly greater proportion of the deriva- 
tives of etiocholanolone than of androsterone is released by the enzymatic 


treatment. 


. Mason, H. L.: Hydrolysis of conjugates and extraction of urinary corticosteroids, 
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N A previous study the authors (1) demonstrated that in rabbits pre- 

treated with cortisone there is a marked initial rise of the blood sugar 
level after large intravenous doses of commercial regular insulin. Such in- 
sulin contains glucagon. The hyperglycemic effect was thought to be due 
to the action of this glucagon on the greatly increased level of liver glyco- 
gen induced by the administration of cortisone. These experiments demon- 
strated further that the extent and duration of the hyperglycemia varied 
directly with the insulin dosage, up to a maximum obtained with 100 units. 
Regarding hypoglycemia, on the other hand, it was noted that the extent 
was approximately the same, whether the insulin dosage was 10 units or 
500 units. However, the nadir appeared much earlier when lower dosages 
were given, so that 10 units of insulin appeared to have the greatest 
hypoglycemic effect. These observations were interpreted as signifying 
that the response of the organism to insulin becomes maximal at relatively 
low dosage levels, and that the glucagon present in regular insulin delays 
rather than inhibits the appearance of hypoglycemia. These findings were 
not in agreement with those of Root et al. (2), who reported that glucagon 
added to insulin does not affect the assay of insulin by either the mouse 
or the rabbit method. This discrepancy, it was felt, was due to the in- 
creased responsivity of the cortisone-pretreated animal to the hypergly- 
cemic action of the glucagon contained in the large amounts of insulin 
which were administered. 

The present study was undertaken to verify the hypothesis that corti- 
sone through its hepatic glycogenic effect potentiates the action of gluca- 
gon, and to investigate further the effects of glucagon and insulin on the 
blood sugar levels of cortisone-pretreated rabbits. For this purpose, gluca- 
gon alone and in combination with various amounts of glucagon-free insu- 
lin was injected intravenously into normal and cortisone-pretreated rab- 
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bits, and large doses of commercial regular insulin were admiristered to 
alloxan diabetic rabbits. Furthermore, an attempt was made to determine 
whether subcutaneously administered regular insulin or protamine zinc 
insulin also induced a hyperglycemic response after pretreatment of the 
animal with cortisone. 


MATERIAL AND METHODS 


The study was carried out on 270 normal male and female rabbits, each weighing 
between 2500 and 3000 grams. For all animals, the test material was administered after 
an 18-hour fast. The blood samples for glucose determination by the Nelson modifica- 
tion of the Folin-Wu micromethod (3) were withdrawn from the marginal ear vein 
immediately before, and at five, ten, twenty, thirty, forty, fifty, sixty and ninety min- 
utes as well as at two, three and four hours after the injection. The animals were divided 
into three main groups: 

Group 1. Rabbits untreated with cortisone. These 132 animals were sub-divided as fol- 
lows: a) Twenty-four groups of 4 animals each received intravenously 5, 25 or 50 micro- 
grams of amorphous glucagon, either alone or together with 2, 5, 10, 20, 25, 50 or 100 units 
of glucagon-free insulin.’ b) Six groups of 4 animals each received subcutaneously 125, 
250 or 500 units of either commercial regular insulin (Lilly) or glucagon-free insulin. 
c) Three groups of 4 animals each received subcutaneously 125, 250 or 500 units of prota- 
mine zine insulin (Lilly). 

Group 2. Cortisone-pretreated rabbits. These 132 rabbits were pretreated with 50 mg. 
of cortisone acetate in aqueous suspension (Upjohn)? intramuscularly daily for ten days 
and then divided as follows: a) Twenty-four groups of 4 animals each received intra- 
venously 5, 25 or 50 micrograms of amorphous glucagon either alone or together with 
2, 5, 10, 20, 25, 50 or 100 units of glucagon-free insulin. b) Seven groups of 4 animals each 
received subcutaneously 50, 125, 250 or 500 units of either commercial regular insulin 
(Lilly) or of glucagon-free insulin. c) Three groups of 4 animals each received subcutane- 
ously 125, 250 or 500 units of protamine zinc insulin (Lilly). 

Group 3. Alloxan diabetic rabbits (no cortisone). These 6 animals had been treated 
with 100 mg. per kilogram of alloxan monohydrate (Eastman) intravenously as 5 per 
cent solution in distilled water, and had maintained a blood sugar level above 160 mg. 
per 100 ml. They were utilized on the fifth day after the injection. Each rabbit received 
a single intravenous injection of 500 units of commercial regular insulin (Lilly). 


RESULTS 


Group 1. Rabbits untreated with cortisone 


a. When glucagon alone was administered intravenously to untreated 
rabbits there was in each instance a rise in the level of blood sugar. Al- 
though the height of the initial hyperglycemia tended in general to be 
greater with larger amounts of glucagon, the variability was such that it 





' The amorphous glucagon was Lot No. 208-105B-197 and the glucagon-free insulin 
was Lot No. 499667, kindly supplied by the Eli Lilly Co., Indianapolis, Ind., through 
the courtesy of Dr. Otto K. Behrens. 

2 Cortisone acetate in aqueous suspension was kindly supplied by the Upjohn Com- 
pany, Kalamazoo, Mich., through the courtesy of Dr. C. J. O’ Donovan. 
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could not be correlated with glucagon dosage. For the three dosage levels, 
the maximum blood sugar value was achieved at five to thirty minutes and 
the amount of the increase over the fasting level varied from 13 mg. to 
86 mg. per 100 ml., with a combined mean increase of 44 mg. per 100 ml. In 
most instances a return to the fasting value had occurred by two hours, and 
in some instances the value tended to dip below the fasting level. When in- 
sulin was given together with the various doses of glucagon intravenously 
the blood sugar response varied from an immediate decline to an initial 
transitory hyperglycemia similar to that observed with glucagon alone. The 
blood sugar level then decreased rapidly and in all instances had declined 
below the fasting value within forty minutes. A marked hypoglycemia was 
then maintained for the duration of the time of the experiment. 

b. Commercial regular insulin administered subcutaneously in most in- 
stances did not cause an initial hyperglycemia, regardless of dosage. In an 
occasional animal there was observed an initial transient increase of the 
blood sugar level, up. to 28 mg. per 100 ml. over the fasting value. With 
the glucagon-free insulin, no hyperglycemia was noted in any of the ani- 
mals. 

c. Protamine zinc insulin administered subcutaneously to the untreated 
animals yielded results similar to those observed with regular insulin given 
subcutaneously. , 


Group 2. Cortisone-pretreated rabbits 


a. In Table 1 may be seen the data for the maximal hyperglycemia 
achieved with glucagon alone and with combined glucagon and insulin at 
various dosage levels. The variation between individual values is consid- 
erable. However, when the mean of each column is plotted against the 
logarithm of the glucagon dosage a straight line is obtained. Thus it is 
apparent that the height of the hyperglycemia achieved was proportional 
to the increase in the glucagon dosage (Fig. 1). On the other hand, an 
increase in insulin dosage from 2 to 100 units did not cause a decrease in 
the degree of maximal hyperglycemia achieved (Table 1). The time of re- 
turn of the blood sugar level to the fasting value was shorter when insulin 
was added to glucagon than when glucagon was given alone. Nevertheless, 
no increase in this effect was observed when the insulin dosage was in- 
creased from 2 to 100 units. Similarly a marked secondary reduction in the 
blood sugar level was observed only when insulin was added to the gluca- 
gon. The hypoglycemic level eventually achieved was the same at all insu- 
lin dosage levels. . 

b. A dose of 125 units of commercial regular insulin administered sub- 
cutaneously to cortisone-pretreated rabbits caused an initial rise in the 
blood sugar level from 77 mg. to 166 mg. per 100 ml. (mean, 136 mg.) over 
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TABLE 1. THE RELATION OF THE DOSE OF GLUCAGON AND OF GLUCAGON-FREE INSULIN TO 
THE MAXIMAL HYPERGLYCEMIA OBSERVED IN CORTISONE-PRETREATED RABBITS, 
INDICATING AN INCREASE IN THE LEVEL OF BLOOD SUGAR WITH INCREASING 
GLUCAGON DOSAGE AND A LACK OF DEPRESSIVE EFFECT WITH INCREASING 
INSULIN DOSAGES 








Glucagon 





Dose, 5 yg. 


Dose, 25 yg. 


Dose, 50 ug. 





Incr. in blood sugar* 


Iner. in blood sugar* 


Incr. in blood sugar* 




















Range Mean Range Mean Range Mean 
0 50 to 90 79 114 to 145 130 165 to 228 208 
$ a 2 43 to 96 68 59 to 65 62 94 to 203 129 
et See 46 to 89 70 74 to 141 104 65 to 115 96 
Se 10 27 to 152 68 90 to 143 110 57 to 175 131 
3.3 20 30 to 114 83 106 to 146 128 90 to 143 144 
ic) s 25- | 63to 92 78 108 to 118 112 103 to 304 198 
50 50 to 92 67 61 to 82 73 122 to 140 131 
100 43 to 136 72 90 to 137 115 102 to 210 153 











* Increase in concentration of blood sugar (mg. per 100 ml.) above the fasting level. 


the fasting values. The peak was somewhat delayed compared to that ob- 
served following intravenously injected insulin (Fig. 2). The blood sugar 
concentration then declined, to reach the fasting level at three and four 
hours. Increasing the dose of insulin increased somewhat the height of the 
initial hyperglycemia, and the time of return to normal was further de- 
layed. The eventual hypoglycemic level achieved was the same with all 
three insulin dosages. A dose of 500 units of glucagon-free insulin admin- 
istered subcutaneously to cortisone-pretreated animals caused a mild hy- 
perglycemia (Fig. 2). Smaller dosages of glucagon-free insulin caused an 


Fig. 1. 


insulin. 


Relation of the increase in 
glucagon dosage to the mean increase in 
blood sugar level in cortisone-pretreated 
rabbits. The points plotted are the mean 
maximum rise in blood sugar level ob- 
served with dosages of 5, 25 and 50 micro- 
grams of glucagon in combination with 
dosages of 2 to 100 units of glucagon-free 


Mean Increase 


in Blood Sugar 
Concentration (Mg %9) 
S 








s 


Dosage of 


25 50 
Glucagon 


in Mcg (Log Scale) 
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Time - Minutes 


—— Regular Insulin, Cortisone Pretreated 
—— Regular Insulin, Untreated 
—--— Glucagon-Free Insulin, Cortisone Pretreated 


Fig. 2. Effect of the subcutaneous administration of various dosages of commercial 
regular insulin and of glucagon-free insulin on the mean blood sugar level in cortisone- 
pretreated rabbits. 


immediate decline of the blood sugar concentration without a transient 
initial hyperglycemia. 

c. The subcutaneous administration of 500 units of protamine zinc insu- 
lin to cortisone-pretreated rabbits also resulted in an initial hyperglycemia 
which achieved a maximum increase of 67 mg. to 213 mg. per 100 ml. 
(mean, 105 mg.) above the fasting value at forty to sixty minutes. The 
concentration of blood sugar then began to decline and in some instances 
had returned to the fasting value by two to four hours. In other instances 
it was still elevated at four hours, at which time the experiment was dis- 
continued. The use of smaller dosages of protamine zinc insulin resulted in 
moderate lowering of the height of the initial hyperglycemia. With 250 
units the mean increase was 82 mg. per 100 ml. (range, 45 to 157 mg.), 
and with 125 units it was 71 mg. per 100 ml. (range, 40 to 100 mg.). 


Group 3. Alloxan diabetic rabbits 


Only a mild initial hyperglycemic effect was observed when commercial 
regular insulin was administered to alloxan diabetic animals (Fig. 3). The 
blood sugar concentration rose from 5 mg. to 30 mg. per 100 ml. (mean, 12 
mg.) and then declined to hypoglycemic levels, where it remained for 
the duration of the experimental period. 
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“Fig. 3. Effect of the intravenous administration of 500 units of commercial regular 
insulin on the mean blood sugar level in alloxan diabetic, in cortisone-pretreated, and 
in normal rabbits. 


DISCUSSION 


The hypothesis derived from our previous work (1), which suggested 
that the insulin-antagonistic action ascribed to cortisone is at least in part 
due to its potentiation of the action of the small amounts of glucagon pres- 
ent in the insulin preparations, appeared to be verified in the present study 
(Fig. 4). It was demonstrated that the administration of glucagon alone 
causes an increase in the blood sugar level which is much greater in corti- 
sone-pretreated than in normal animals. Other workers have stated that 
intravenous glucagon did not cause greater elevation of the blood glucose 
level in rabbits which had been pretreated with cortisone (10 mg. twice 
daily) subcutaneously for three days, than it did in normal animals (4). 
The discrepancy between their findings and ours might be explained by 
the different mode of administration, the smaller dosage and the shorter 
period of pretreatment used by them. 

When glucagon was added to varying amounts of glucagon-free insulin, 
the results obtained were similar to those with glucagon alone. It was fur- 
thermore observed that in cortisone-pretreated animals the maximal hy- 
perglycemic response was in general proportional to the glucagon dosage. 
It was of interest that increasing doses of glucagon-free insulin added to 
the glucagon in a range of 2 to 100 units did not result in a proportional 
diminution in the hyperglycemic action of the glucagon (Table 1). This 
is in accord with the results of previous experiments in which the authors 





548 8S. S. LAZARUS, B. W. VOLK AND H. LEW Volume 17 


demonstrated by means of the modified glucose-insulin tolerance test (5) 
that in the normal human subject a maximal rate of decline of the blood 
sugar level is achieved with small doses of insulin. It is of further signifi- 
cance that if a mean be taken of the maximal increases in blood sugar con- 
centration associated with the various insulin dosages, and plotted semi- 
logarithmically relative to each of the three glucagon dosages, a straight 
line is obtained (Fiz. 1). This would indicate that an assay for glucagon 
utilizing the initia: hyperglycemia could be achieved with cortisone-pre- 
treated rabbits, even if glucagon-insulin mixtures were used for the test 
material. 


Fasting 





Change of Blood Sugar - Mg éeal. 











Time - Minutes 
—— Untreated, SOmcg Glucagon 
—— Untreated , SOmcg Glucagon + 10 Units Glucagon -Free Insulin 
—-— Cortisone Pretreated , SOmcg Glucagon 
---— Cortisone Pretreated , SOmeg Glucagon + 10 Units Glucagon - Free Insulin 


Fig. 4. Effect of the intravenous administration of 50 micrograms of glucagon (either 
alone or combined with 10 units of glucagon-free insulin) on the mean blood sugar level 
of normal and of cortisone-pretreated rabbits. 


In normal animals, an increase in glucagon dosage had comparatively 
little effect on either the extent of hyperglycemia, time of return to the 
fasting value, or the time at which maximal hypoglycemia was achieved. 
This is in accord with the report that addition of glucagon to insulin does 
not influence the assay of insulin when performed either by the rabbit or 
mouse method (2). The results obtained with the alloxan diabetic rabbits 
indicate that it is not the diabetic state induced by pretreatment with cor- 
tisone which accounts for the marked hyperglycemic response. dt is in- 
teresting that, if anything, the alloxan diabetic rabbit is even less sensitive 
to the hyperglycemic action of regular insulin than is the normal animal. 

Our studies show, furthermore, that the subcutaneous administration 
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of large doses of commercial regular insulin or of protamine zinc insulin 
also causes significant initial hyperglycemia in cortisone-pretreated rab- 
bits, but not in normal rabbits. This compares with the report that in nor- 
mal dogs a significant rise of the blood sugar level did not follow the sub- 
cutaneous injection of pancreatic extracts containing denatured insulin 
(6), and with the general impression that glucagon is inactive when in- 
jected subcutaneously. These results confirm further the fact that corti- 
sone potentiates or unmasks the hyperglycemic action of the glucagon 
contained in commercial insulin preparations. The delayed return of the 
blood sugar concentration to the fasting level in this series of animals may 
well have been due to the relatively slow absorption of the injected ma- 
terial from the subcutaneous tissues. 

The marked hyperglycemia observed with subcutaneously administered 
regular or protamine zinc insulin also seems to throw a different light on 
the conventional concept of the high insulin requirement of experimental 
animals and of human subjects during corticotropin or cortisone therapy 
(7-10). Thus, it has been shown that 1000 units of regular insulin or 100 
units of protamine zine insulin were insufficient for complete control of the 
diabetes induced in rats by administration of 5 mg. of cortisone daily (11). 
It may be hypothesized that the insulin resistance seen in these circum- 
stances is secondary not only to increased gluconeogenesis but also, at 
least in part, to the potentiation by cortisone therapy of the hyperglycemic 
action of the glucagon present in the insulin preparations used, thus pre- 
venting the abolition of glycosuria. A similar mechanism may also explain 
in part the increased resistance to the convulsive action of insulin exhibited 
by fasted mice treated with carbohydrate-active steroids (12). Moreover, 
in previous work the authors, utilizing the modified glucose-insulin toler- 
ance test (13), observed a diminution of the rate of decline of the blood 
sugar concentration in cortisone-pretreated and corticotropin-pretreated 
dogs as compared with the normal (14). This phenomenon again may have 
been due to the minute amounts of glucagon contained in the insulin 
preparations used. The observations presented here suggest, therefore, 
that the administration of glucagon-free insulin may minimize the in- 
creased insulin requirement frequently observed during steroid therapy. 

The diabetogenic effect of increased amounts of exogenously adminis- 
tered or of endogenously produced adrenal steroids in animals or in human 
subjects has been well documented in the literature (15-20). Although 
there is no proof of a physiologic action of glucagon, it may be that both 
human and experimental steroid diabetes is due not only to the direct 
diabetogenic properties of the adrenocortical steroids, but also partially 
to an additional factor—namely the unmasking of the action of endoge- 
nously produced glucagon in the presence of excessive amounts of carbo- 
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hydrate-active adrenocortical steroids. This idea seems to be negated by 
the known diabetogenic action of these steroids in the absence of the pan- 
creas. However, further studies to evaluate this tentative hypothesis 
might be of value. 


SUMMARY 


In cortisone-pretreated rabbits the intravenous administration of gluca- 
gon, either alone or together with various dosages of glucagon-free insulin, 
caused a marked initial hyperglycemia, the height of which was propor- 
tional to the glucagon dosage. On the other hand, a stepwise increase of 
the amount of insulin in the mixture from 2 to 100 units, did not result 
in a proportional diminution in the hyperglycemic action of the glucagon. 

These findings imply that the cortisone-pretreated rabbit can be utilized 
for assay of the glucagon content of glucagon-insulin mixtures. 

It has been shown, furthermore, that the paradoxical hyperglycemic 
effect of insulin in cortisone-pretreated rabbits is not due to the diabetic 
state per se, since only a minimal or moderate hyperglycemia was observed 
in alloxan diabetic animals after large intravenous doses of regular insulin. 
A marked hyperglycemic effect after cortisone-pretreatment- was also ob- 
tained with subcutaneously administered commercial regular insulin and 
with protamine zinc insulin. 

It is suggested, therefore that the insulin resistance of human and of 


experimental subjects induced by excessive amounts of endogenous or 
exogenous adrenal steroids may be in part the result of the potentiating 
effect of these steroids on the action of the glucagon contained in the insu- 
lin preparations. Thus, it may be advantageous to utilize glucagon-free 
insulin preparations in the treatment of various conditions in which hyper- 
adrenocorticism is a factor. 
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RADIOISOTOPE STUDY OF THYROID FUNCTION 
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ONGOLISM, a common clinical entity (1) of unknown etiology is 

believed to result from deceleration of normal growth during the 
fetal period (2). A possible relationship between abnormalities in develop- 
ment and function of the thyroid gland and the fetal growth process in 
mongolism is suggested by anatomic evidence of pathologic alterations in 
the thyroids of mongoloid children (1, 3), and the reported frequency of 
abnormal thyroid function in their mothers (4). 

Although data are available concerning isolated phases of thyroid func- 
tion in mongolism, a detailed investigation of the various aspects had not, 
at the time of our studies, been carried ‘out. This report presents the results 
of an investigation of the thyroid gland in mongolism, utilizing a variety 
of recently available techniques. 


METHOD 


Twenty-eight subjects were studied.! Twenty-one were mongoloid patients in resi- 
dence at the Walter E. Fernald State School (Massachusetts Department of Health). 
Their ages ranged from 5 to 26 years. The remaining 7 were healthy parents (5 mothers 
and 2 fathers) of mongoloids. Sixty-four euthyroid subjects ranging in age from 10 to 
65 years served as controls (5). 

In the mongoloid subjects, a dose of 70 microcuries of carrier-free radioactive iodine 
(I'*') was administered orally after an overnight fast. In the parents and in the control 
subjects, the tracer dose was 100 microcuries. 

The thyroidal uptake of the tracer dose was measured by the four-tube G-M method 
previously described from this laboratory (5), modified by a correction factor for scatter 
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and absorption which was obtained in each patient by counting a suitable mock-up 
containing I'*' in air, and against the patient’s neck. Measurements were made twenty- 
four hours after the tracer dose and on two or more occasions during the subsequent 
three to five days. The thyroidal turnover of I'*! reported as the effective half-life (EHL) 
was calculated according to a previously described method (5, 6). The urinary I'* ex- 
cretion for the first twenty-four hours following the tracer dose was measured by the 
four-tube method (7). 

The plasma butanol-extractable I! (8, 9) (thyroxine-like material) was measured 
in duplicate at 24-hour intervals for three days following the administration of the 
tracer dose. The results are reported in per cent as the ratio of radioactivity in the 
butanol-extractable fraction to the total radioactivity per cubic centimeter of plasma. 

Thyroxine metabolism was studied in 2 mongoloids by following the rate of dis- 
appearance from the plasma of intravenously infused I-labeled thyroxine and by 
measuring the appearance of radioactivity in the thyroid gland after the infusion. The 
infusion was made with 1.5 micrograms of /-thyroxine* containing 55 microcuries of I'*'. 
Samples of venous blood were obtained daily for ten days. The plasma was separated 
and 1-ml. aliquots (in triplicate) were counted in a well-type scintillation counter. A 
standard was prepared from the same shipment of thyroxine-I'! and was similarly 
counted. The plasma radioactivity was plotted daily as a percentage of the administered 
dose per liter of plasma. After distribution had been achieved, a straight line was drawn 
which best fitted the data and the half-time of disappearance was calculated. The per- 
centage turnover per day was calculated from the formula: Turnover =In 2/t3. The col- 
lection of urine and feces by such patients was not sufficiently reliable to permit more 
detailed calculations of the rate of synthesis and peripheral degradation of thyroxine 
(10). 

Previous studies from our laboratory (11) had shown that the plasma-thyroid hor- 
mone interrelation could be investigated by an in vitro system in which the uptake by 
erythrocytes of I'*'-/-triiodothyronine from whole blood was measured. 

Tracer amounts of I'*!-/-triiodothyronine were added to aliquots of whole blood, 
which were then incubated in a water bath with agitation at 37° C. Following incubation, 
the erythrocytes were separated, washed, and their radioactive content determined as 
a percentage of total blood radioactivity, corrected to 100 hematocrit. To asszss the 
respective roles of the plasma and the erythrocytes, ‘criss-cross’ experiments were 
carried out in which we determined the uptake of I'*!-/-triiodothyronine by mixtures 
comprising: 1) erythrocytes of mongoloids in compatible plasma of euthyroid subjects, 
and 2) erythrocytes of euthyroid subjects in compatible plasma of mongoloids. 

Labelled thyroxine and triiodothyronine were also added to serum and plasma and 
the distribution of radioactivity was determined after filter-paper electrophoresis in a 
Durrum-type’ cell, using veronal buffer at pH 8.6 and 0.05 u for sixteen hours at 5 
milliamperes. After drying in air in an oven for thirty minutes, the strip was scanned for 
radioactivity by rotating it slowly before a suitable shielded end-window G-M tube 
(2.4 mg./sq.cm., mica window). Protein was located by staining with bromphenol blue. 


RESULTS 


Thyroidal 24-hour I'*! uptake 
In the 21 mongoloid subjects, the 24-hour thyroidal uptake (Table 1) 





2 Abbott Laboratories. 
3 Spinco Model R, Spinco Division, Beckman Instruments, Inc. 
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TABLE 1. DATA ON 21 MONGOLOID PATIENTS 
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ranged from 12.0 to 44.0 per cent, with an average of 25.0 per cent (s.5. 1.5; 
8.D. 6.7). 

The mean uptake of the entire group was lower than observed in our pre- 
viously reported observations of euthyroid subjects (5). 

Since the average age of the euthyroid control subjects was higher than 
that of the mongoloids, another group of 23 euthyroid subjects of an age 
comparable to that of the mongoloid subjects was studied. The thyroidal 
uptake values (average, 27.5 per cent; s.g. 1.5; s.p. 7.0) obtained in this 
group did not differ significantly from those obtained in the larger group 
of controls ({=0.9). When the mean thyroidal 24-hour I uptake of the 
younger group of euthyroid subjests was compared with that of the group 
of mongoloids, the ¢ value* was 1.1—not statistically significant (Table 3). 

The thyroidal I'*' uptake in the 7 parents (5 mothers and 2 fathers) of 
mongoloid children ranged from 21.0 to 41.5 per cent, with am average of 
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TABLE 2. THYROIDAL 24-HOUR I! UPTAKE AND TURNOVER IN 
PARENTS OF MONGOLOIDS 








Nl 
Age of parent ; Thyroidal ft ? 
Parent at birth of Age at time 24-hr. [3 3! half-life 
mongol siaisioned uptake (%) (days) 





26 27 41.5 6.0 
28-30 31 28.4 
35 35 26.2 & 
46 51 I 26.0 7. 
46 51 21.0 
.M. 45 58 38.0 4. 
E.M. 42 55 M 35.0 6. 




















30.9 per cent (s.E. 2.6; s.p. 6.0). Comparison with data on the group of 
euthyroid subjects previously reported revealed no significant difference; 
t=0.7 (Tables 2 and 3). 

Effective half-life of thyroidal P*' (EHL) 

The effective half-life of thyroidal I'* was measured in 18 mongoloid sub- 
jects. The values ranged from 2.4 to 8.0 days, and averaged 5.4 days (s.p. 
1.7; s.z. 0.4). In 6 of the 18 patients the EHL was 2.4 to 4.2 days; in the 
remainder it was 5.6 to 8.0 days. The EHL or thyroidal turnover of I'*! in 
mongoloids (Table 3) was significantly faster than in the euthyroid control 
group (t=4.0). No significant difference from the normal (¢=1.9) was ob- 
served in the parents of mongoloids, the EHL ranging from 4.5 to 7.4 days, 
with an average of 6.2 days (s.£. 0.5; s.p. 1.0). 


Urinary 24-hour I'*! excretion 


The 24-hour urinary excretion of I'*! in the mongoloid subjects ranged 
from 22 to 59 per cent of the tracer dose. All but 4 values were between 41 
and 59 per cent. The average excretion for the entire group was 46 per cent. 
The urinary excretion of I'*‘ in this group of mongoloids did not differ sig- 
nificantly ({=1.7) from that of euthyroid controls (Table 3). 


Plasma butanol-extractable I'*! (conversion ratio) 


The conversion ratios in the mongoloid subjects (Table 1) ranged from 
13 to 51 per cent. Comparable values were obtained in our laboratory in 
euthyroid subjects (9). 





Difference between the means 
~ Standard error of difference between means 
tistical significance of the difference between two means. A value of 3.0 or greater is 
considered significant. 


and is used as a measure of the sta- 

















KURLAND, FISHMAN, HAMOLSKY AND FREEDBERG Volume 17 


TABLE 3. THYROIDAL 24-HOUR THYROIDAL UPTAKE, TURNOVER, AND I?! 
URINARY EXCRETION IN MONGOLISM 









































Mean 24-hr. thy- Effective Mean 24-hr. 
roidal [13 Page half-life t urinary t 

| uptake I'3! excretion 

a ; © rea were! SETS 

| % | S.E. | 8.D A |B Days | 8. 8.D.| A % |S8.E,|8.D.| A 
A. Euthyroid controls | 29.0 0.6 | 5.1 7.1 | 0.1] 0.8 52 11.9 
B. Mongoloid subjects 25.0 | 1.5 6.7 | 2.5 5.4 | 0.4 |] 1.7 | 4.0 46 9.9/1.7 
C. Euthyroid controls (young | 

adults) | 27.5 1.6 | 7.0 | 0.9) 1.1 
D. Parents of mongoloid subjects | 30.9 | 2.6 | 6.9 | 0.7 6.2 | 0.5 | 1.0/1.9 
' ! 

















Hormone transport and metabolism 


In mongoloid patients, filter-paper electrophoresis was carried out on 
plasma to which I'*' thyroxine had been added in vitro, In 2 patients, a 
single peak of radioactivity was found to have migrated with the alpha-2 
globulin—an observation comparable to the findings in normal controls. 
However, the in vitro uptake of labelled triiodothyronine by red blood 
cells was increased. In 9 mongoloids, the uptake ranged from 14.6 to 20.9 
per cent and averaged 17.3 per cent. The average value for euthyroid fe- 
male subjects in our laboratory is 13.0 per cent. In a series of “‘criss-cross”’ 
experiments, the increased uptake was shown to be due to a plasma factor, 
since erythrocytes from mongoloids had a normal uptake in normal plasma 
whereas normal erythrocytes had an increased uptake in plasma from 
mongoloid patients. 

Following intravenous infusion of I'*!-labelled thyroxine in 2 mongoloids, 
the plasma radioactivity (measured daily for ten days) decreased at the 
rate of 7.6 per cent and 10 per cent per day, respectively. Similar values 
have been reported in euthyroid patients (10, 12). 


DISCUSSION 


The present studies demonstrate the necessity of measurement of multi- 
ple parameters in the investigation of thyroid function. Our studies indi- 
cate no difference in the 24-hour thyroidal I'*! uptake, conversion into 
butanol-extractable material, and urinary I'*! excretion in mongoloids as 
compared with euthyroid non-mongoloid subjects of the same age group. 
Determinations of the serum protein-bound iodine and cholesterol levels 
(obtained in many of these subjects by Dr. Clemens Benda) (Table 1) were 
within the range of normal. Isolated studies of thyroid function in mon- 
goloid children found in a review of the literature also revealed no ab- 
normality. One study (13) reported the 24-hour thyroidal I'*! uptake in a 
l-month mongoloid infant to be lower than normal; a second .reported a 
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mongoloid infant (14) with a normal thyroidal 24-hour I'*! uptake as well 
as normal values for I'*! excretion, conversion ratio (TCA precipitation 
method), and serum protein-bound iodine concentration. Others have 
found “no significant difference’”’ in serum protein-bound iodine levels be- 
tween mongoloid children 5 to 15 years old and children of the same age 
with ‘“‘undifferentiated mental deficiency” (15). In a recent report of a rare 
case of thyrotoxicosis in a mongoloid patient, data on 3 other euthyroid 
mongoloids indicated normal thyroid function (16). Cottino et al. (17) 
found “no endocrine basis for mongolism”’ after a radioisotope study of 14 
patients. 

In contrast to these normal findings, the EHL or thyroidal I'*! turnover 
was found to be significantly faster in mongoloid subjects than in euthyroid 
controls. Since the observation of an increased thyroidal I'*' turnover rate 
and a normal 24-hour I'*! uptake might be explained by the assumption 
that significant turnover and loss of I'*! by the thyroid had occurred before 
the 24-hour measurement, we studied 3 mongoloid patients at five and at 
twenty-four hours after a tracer dose of I'*!. In these 3 patients, the 5-hour 
uptake averaged 17 per cent, and the 24-hour uptake averaged 35 per cent. 
However, since none of these subjects exhibited a rapid turnover, further 
studies are required. 

The apparent discrepancy between rapid thyroidal [’* turnover rate 
and normal serum protein-bound iodine concentration has also not been 
resolved. If peripheral utilization of thyroid hormone were increased in the 
same degree as thyroid hormonal release, an equilibrium would be estab- 
lished maintaining the amount of hormone in the blood at a normal level. 
The normal turnover time of plasma thyroxine observed in 2 mongoloid 
children does not support the hypothesis of altered peripheral utilization. 
Since neither of these subjects showed an increased thyroidal turnover of 
iodide, additional data are needed. 

These findings of an increased thyroidal turnover of iodide and a normal 
plasma protein-bound iodine concentration are consistent with the hy- 
pothesis that thyroid function in such individuals resides in only a small 
portion of the gland working at an increased rate, with consequent normal 
total iodine uptake, a more rapid turnover, and the effective maintenance 
of a normal level of serum hormone. 





5 The diet served to the institutionalized mongoloid patients was obviously not the 
same as that consumed by our controls. However, the diet was in all respects adequate. 
Moreover, in New England, with its proximity to the Atlantic, a low-iodine diet is very 
difficult to achieve. We conceive that the physiologic observation, related to the ana- 
tomic abnormalities described by Benda, is an increased turnover rate, so that the total 
hormonal output by the thyroid remains normal. Further studies would be necessary 
to prove this point. 





558 KURLAND, FISHMAN, HAMOLSKY AND FREEDBERG Volume 17 


Results of anatomic studies (1, 2) of the thyroid gland in mongolism are 
consistent; the gland is hypoplastic and often below normal weight. His- 
tologic studies reveal additional marked abnormalities. Benda, in a study 
of 48 mongoloids (1) found only 1 case in which the thyroid gland appeared 
normal. The main pathologic conditions are described as: 1) resting 
colloid goiter (most frequent), 2) fetal-type gland with developmental ar- 
rest or retardation, 3) replacement fibrosis, and 4) colloid goiter with 
scattered areas of hyperplasia. It should be emphasized that group 4 repre- 
sented 21 per cent of the thyroid glands examined. 

The other abnormality of thyroid function observed in this study was an 
increased erythrocytic uptake of triiodothyronine (average 17.3 per cent). 
Such elevated values have previously been found in thyrotoxicosis. None 
of these patients had any of the stigmata of hyperthyroidism and, with the 
exception of thyroidal I'*! turnover, other parameters of thyroid function 
were normal. Two additional mentally deficient patients from the same 
school as the mongoloids (one possibly a cretin) were studied and the 
erythrocytic uptakes were found to be 11.2 and 9.8 per cent, respectively. 
Further studies are necessary to clarify the significance of the observation 
in mongolism, which may indicate an alteration of the plasma protein- 
thyroid hormone complex or a plasma factor(s) affecting the tissue uptake 
of thyroid hormone. 

Detailed studies of thyroid function in parents of mongoloids are not 
available. Myers (18) emphasized the significance of thyroid deficiency in 
the mother. He observed an increase (2:1) in the proportion of mongoloid 
children born in a geographic area with a high incidence of thyroid dis- 
orders as compared to an area with a low incidence. He also reported a 
markedly higher incidence (9:1 by history) of thyroid disorders in mothers 
who had given birth to mongoloids as compared to that in mothers of only 
normal children. By the methods employed, we were unable to detect any 
abnormality of thyroid function in 7 parents of mongoloid children in our 
study. However, our studies were made from six months to thirteen years 
after the birth of the mongoloid offspring and permit no estimation of the 
maternal thyroid hormonal response to the stress of pregnancy. 


SUMMARY 


A study of thyroid function in mongolism, utilizing radioisotopic 
methods of investigation, is reported. 

1. In 21 mongoloid subjects, the values for 24-hour thyroidal I’*' uptake 
and urinary excretion were in the low-normal range and did not differ 
significantly from values in a group of euthyroid controls of the same age 
group. 

2. In mongolism, the effective half-life or turnover rate of: I'*! by the 
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thyroid was significantly faster than in a euthyroid control group. The 
possible significance of this observation is discussed. 

3. The conversion ratio, or the ratio of plasma butanol-extractable ['*! 
to total plasma I'*', in mongoloid subjects was comparable to that in 


euthyroid controls. 
4. The turnover rate of labelled thyroxine was normal in 2 mongoloid 


children. 

5. Serum cholesterol and serum protein-bound iodine levels were normal. 

6. A possible abnormality of the plasma protein-thyroid hormone com- 
plex was suggested by the elevated in vitro erythrocytic uptake of labelled 
triiodothyronine in mongolism. 

7. No significant abnormality was observed in thyroidal 24-hour I'*! 
uptake and turnover or in urinary [’* excretion in 7 parents studied six 
months to thirteen years following the birth of a mongoloid child. 
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EFFECT IN WOMEN OF BILATERAL 
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LINICAL and experimental evidence suggests a functional relation- 

ship between the gonads and the thyroid. It is recognized that altera- 
tions in thyroid function may influence, to some extent at least, ovarian 
function (1). However, it seems that considerable variation in thyroid func- 
tion is compatible with normal ovafian function and with reproduction. On 
the other hand, the influence of gonadectomy (lack of ovarian hormones) 
or of administered ovarian hormones on thyroid function in animals has 
been the subject of some debate. Reineke and Soliman (1) recently re- 
viewed the problem and concluded that present evidence indicates that at 
estrus the metabolic rate is increased, the thyroid appears to be at the 
‘point of maximum activity, and the thyroidal uptake of iodine is also at a 
maximum. Conversely, gonadectomy leads to a decrease in pituitary thy- 
rotropin, and in ovariectomized rats thyroidal iodine uptake is increased by 
small doses of estrogen administered over a short period. The data support 
the idea that this action is exerted through the pituitary. 

In man, it has been demonstrated by Engstrom and Markardt (2) that 
large amounts of administered estrogen cause an increase in the concentra- 
tion of the circulating thyroid hormone, as measured by the level of serum 
precipitable: iodine (SPI). Since normal pregnancy is accompanied by an 
increased concentration of SPI, it is possible that increased elaboration of 
estrogen in pregnancy may be an important factor in this rise. On the ~ 
other hand, no studies are available on the possible effect of sudden 
oophorectomy in women on the level of the circulating thyroid hormone. 
Although no definite difference is noted between the SPI level of young 
women and that of women past the menopause, it is known that a consid- 
erable amount of estrogen is elaborated by the menopausal ovary. There- 
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fore, the purpose of the present study was to determine the possible acute 
and chronic effects of bilateral oophorectomy on the level of SPI in women 
during their reproductive years. 


METHODS AND MATERIALS 


The concentration of SPI was determined by the digestion-distillation technic as 
modified by Danowski and associates (3). All determinations were carried out in dupli- 
cate on 3-ml. aliquots of serum. In our hands, duplicate determinations check within 
0.5 microgram; if not, a third determination is made. 

SPI levels were studied in 21 patients before and after bilateral oophorectomy. The 
ages of these women ranged from 32 to 50 years. In all cases the operation consisted of 
bilateral salpingo-oophorectomy and total abdominal hysterectomy. Reasons for surgery 
included uterine fibromyomata, pelvic endometriosis, endometrial carcinoma and 
benign or malignant ovarian neoplasms. None of the patients received iodine either as 
medication or for diagnostic purposes before or during the period of study. It is known 
that the SPI level remains relatively constant in the same individual from time to time; 
for alterations to be significant the changes must be greater than 1.0 microgram per 
100 ml. of serum. It is also known that the stresses of uncomplicated major or minor 
surgery, in themselves, do not effect the SPI (4). 















RESULTS 






It may be noted in Figure 1 that all but 1 of the 21 patients had preopera- 
tive levels of SPI between 3.5 and 7.0 micrograms per 100 ml. of serum. In 
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Fia. 1. Course of the serum precipitable iodine level in 21 women during 
the first fourteen days following bilateral oophorectomy. . 
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our experience, 90 per cent of individuals without thyroid disease have SPI 
levels in this range. Frequent determinations during the first fourteen post- 
operative days showed no consistent alteration. In most instances the 
changes were less than 1 microgram per 100 ml.; in a few cases, increases or 
decreases were greater than this and were probably greater than the change 
observed with surgical stress alone (4). This might indicate a transitory 
flurry of changing thyroidal activity but the alterations were inconsistent 
in direction. 

It was possible to follow 5 of the 21 patients for four to eight months 
postoperatively. The remainder were lost to the study, either because they 
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Fig. 2. Course of the serum precipitable iodine level in 5 women for four to 
eight months after bilateral oophorectomy. 


failed to return for SPI determinations or because the severity of the meno- 
pausal symptoms necessitated the administration of estrogens. It may be 
seen in Figure 2 that there was no significant alteration in the SPI levels 
of these patients. 
DISCUSSION 

We are not familiar with any other studies on the effect of bilateral 
oophorectomy on the concentration of SPI in the human subject. In the 
animal, the effects of gonadectomy on thyroid histology have not been con- 
clusive. Chouke (5) and Starr and Bruner (6) found no change in the his- 
tologic picture of the thyroid in female guinea pigs following castration. 
However, in the rat, Anderson and Kennedy (7) found that, although there 
was no change in the histologic structure of the thyroid one week after 
castration, there was definite atrophy in eight weeks. Similar findings were 
reported by Emge and Laqueur (8). 
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In man it is thought that hyperthyroidism or hypothyroidism is most 
apt to occur during the period of changing sexual function. Yet the studies 
reported here do not indicate any significant variation in circulating thy- 
roid hormone following a surgically induced menopause. Although an in- 
creased concentration of circulating thyroid hormone characterizes normal 
pregnancy and follows the administration of large amounts of estrogen, no 
opposite change is observed with oophorectomy. 

Our studies do not exclude the possibility that gonadectomy may lead 
to altered responsiveness of tissue to circulating thyroid hormone, or to 
other changes in thyroid function not measured by the concentration of 
SPI. If such changes do occur in man, they must be slight or accompanied 
by other adjustments which allow the concentration of the circulating thy- 
roid hormone to be maintained at normal levels. 


SUMMARY 


No consistent alteration in the concentration of serum precipitable iodine 
(SPI), a reliable index of the level of the circulating thyroid hormone, was 
observed either acutely (days) or chronically (months) after bilateral 
oophorectomy in women during their reproductive years. 
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Teaching Clinic—Review 
DIABETES INSIPIDUS* 


IABETES insipidus, a clinical syndrome characterized by the pas- 

sage of large volumes of dilute urine and the presence of an inordinate 
thirst, was properly defined one hundred and sixty-two years ago (1). Re- 
cently acquired knowledge of the pathogenesis of diabetes insipidus in ex- 
perimental animals, and the development of a variety of test procedures 
designed to induce a release of antidiuretic hormone from the pars nérvosa 
of the pituitary, now permit a more precise evaluation of the patient with 
diabetes insipidus than was heretofore possible. Despite these additions to 
our knowledge of this syndrome, the differential diagnosis in a patient with 
polyuria and polydipsia may sometimes be difficult. Improperly conducted 
test procedures not infrequently contribute to a diagnostic dilemma, and 
occasionally there are dangerous sequelae from injudicious use of vasopres- 
sin (Pitressin) preparations in patients with “suspected” diabetes in- 
sipidus. 

Some experiences in the diagnosis and treatment of patients with dia- 
betes insipidus form the basis of this communication. However, before dis- 
cussion of the clinical syndrome, it is pertinent to review briefly some of 
the experimental data concerning 1) the antidiuretic hormone, and 2) the 
induction of diabetes insipidus in animals. 


THE ANTIDIURETIC HORMONE (VASOPRESSIN ) 


In 1913 von der Veldin (2) and Farini and Ceccaroni (3) reported that 
subcutaneous administration of extracts of the posterior pituitary gland — 
corrected the polyuria and polydipsia of patients with diabetes insipidus. 
These observations were rapidly confirmed, and the fundamental im- 
portance of the antidiuretic hormone to water conservation by the kidneys 
was established (4). Current concepts of the sites of formation, transport 
and storage of this hormone are derived from the classic studies of the 
Scharrers, Bargmann, van Dyke, Hild, and others (5-9). These workers 
demonstrated that neurosecretory material! containing vasopressin and 





* Presented in part at the 38th meeting of The Endocrine Society, Chicago, Illinois, 


June 7-9, 1956. 
1 The neurosecretory material may be stained by several histologic techniques (6, 10) 
which permit identification in the hypothalamic nuclei and along the axones of the 


supra-optico-hypophysial tract. 
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oxytocin first appears in the cell bodies of the supra-optic and para- 
ventricular nuclei, from which it is transported down the supraoptico- 
hypophysial tract to be stored at the axone terminals of this tract in 
the pars nervosa (Fig. 1), It is the present consensus that no antidi- 
uretic hormone is formed in the pars nervosa, this portion of the pituitary 
gland simply serving as a reservoir and site of release for vasopressin and 
oxytocin. 

The mode of action whereby vasopressin effects antidiuresis has not been 
clarified, but the hormone apparently promotes reabsorption of water by 
action on the distal renal tubules (4, 11). There is evidence that approxi- 
mately 85 per cent of the glomerular filtrate (water and solutes) may be 
reabsorbed in the proximal tubules, and a major portion of the absorp- 
tion of water from the remaining 15 per cent is believed to be effected 
by the action of antidiuretic hormone? (4). Other mechanisms for re- 
absorption of water than that influenced by vasopressin are postulated 
(13, 14). That some active water reabsorption can occur in the absence of 
antidiuretic hormone is suggested by the observation that animals with 
experimental diabetes insipidus subjected to dehydration may excrete a 
hypertonic urine (15). Recently, additional evidence has been presented 
which clearly demonstrates active water reabsorption in the absence of 
antidiuretic hormone effect (16). 

A variety of stimuli are believed to effect release of antidiuretic hormone 
from the pars nervosa of the pituitary. Increased serum_osmolarity 
(whether induced by water deprivation or salt administration), pain, 
fright, unaccustomed exercise, anesthesia, acetylcholine, and_nicotine are 
all capable of provoking a release of vasopressin and consequent anti- 
diuresis in the hydrated animal or man (17-21). Large doses of morphine 
induce a release of this hormone in the hydrated dog (22), but 20-mg. doses 
have failed to cause antidiuresis in hydrated humans (23). It is conceivable 
that simultaneous administration of several suboptimal stimuli, e.g., mor- 
phine and anesthesia, may result in summation and cause maximal release 
of antidiuretic hormone. Apparently alcohol in sufficient amounts inhibits 
release of this hormone from the pars nervosa (24, 25). im 

The recent synthesis of vasopressin (Fig. 2) by du Vigneaud and associ- 
ates (26, 27), and the availability of pure preparations now permit investi- 
gation of the action of this hormone in various physiologic processes. Van 
Dyke, Adamsons and Engel (8) have reported that 1 mg. of purified nat- 
ural vasopressin produced the effect of 600 U.S.P. antidiuretic or pressor 


¢ 

2 That. the action of the antidiuretic hormone does not necessarily result in a con- 
centrated urine of low volume is shown by the studies of osmotic diuresis in normal 
subjects previously deprived of water. Under these circumstances an increasing rate of 
urine formation is accompanied by decreasing urine concentration (12).. 
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units as compared with the 1-unit effect of 1 mg. of posterior pituitary 
powder, U.S.P.* Furthermore, in addition to the antidiuretic action, vaso- 
pressin induced responses similar to those induced by oxytocin, although 
of a much lower order of magnitude. This slight oxytocin-like effect is pos- 
sibly explained by the structural similarity of oxytocin and vasopressin 
(Fig. 2) (8, 30). Evidence has also been recently presented that vasopressin 


HYPOTHALAMIC CsH.OHi 


NHs © Cts 0: 
CH,—CH—C—NH—CH—C-+-NH—CH PHENYLALANINE! 
| a: 


CH,—CH- iter _nu—t_duqcnis —CONH; 
c=0 ; 
Pe a |! 
CH—C+-NH—CH—C--NH—CH;—CONH; 
CH,—CH; CH, ° 
PARS NERVOSA duCH.NH—C—NH, 
NH 
ARGININE 
, XPARS INTERMEDIA 
Fig. 2. The structure of vasopressin 
obtained from the pituitary glands of oxen 
(arginine vasopressin) (26). Vasopressin 
from hog pituitary glands (lysine vasopres- 
sin) differs in the replacement of arginine 
by lysine. Oxytocin differs from arginine 
vasopressin in the replacement of phenyl- 
alanine and arginine by isoleucine and 
leucine respectively (27). 


Fia. 1. Diagrammatic representation of 
neurosecretory material in the cell bodies 
of the hypothalamic nuclei and in the 
axones of the supra-optico-hypophysial 
tract. This material is concentrated at the 
axone terminals in the pars nervosa (stalk 
and posterior lobe of the pituitary (5-9)). 


may participate in muscle function (31) and regulation of blood pressure 
in the human subject (32). 
EXPERIMENTALLY INDUCED DIABETES INSIPIDUS 


In the experimental animal, diabetes insipidus may be induced by de- 
struction of the hypothalamic nuclei, transection of the infundibular stalk, 





* The U.S.P. reference standard for posterior pituitary powder assays at 1 unit per 
0.5 mg. The antidiuretic hormone may be assayed by several methods. The antidiuresis 
following subcutaneous injection of test material into hydrated male rats (28) or follow- 
ing intravenous injection into hydrated, unanesthetized, trained dogs (8) are two 
methods often used. As the ratio of pressor to antidiuretic activity of vasopressin is 1, 
the hormone may also be assayed by the rise in blood pressure following intravenous 
injection of test material into anesthetized rats (U.S.P. XV), cats or dogs (29). 
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or removal of the posterior lobe of the pituitary (15a, 33, 34). Destruction 
of the hypothalamic nuclei or proximal transection of the infundibular 
stalk results in a greater polyuria than does removal of the posterior lobe 
of the pituitary or distal transection of the stalk (Fig. 3) (33, 34). Transec- 
tion of the supra-optico-hypophysial tract at any level is followed by retro- 
grade degeneration, not only of the divided axones, but also of the respec- 
tive cell bodies in the supra-optic and paraventricular nuclei (33-35). As 


PARAVENTRICULAR \ PARAVENTRICULAR 
NUCLEUS NUCLEUS 





SPARS INTERMEDIA 


Fig. 3. Diagram of the hypothalamic-neurohypophysial system. Demonstrated on 
the left is the supra-optico-hypophysial tract which arises from the supra-optic and para- 
ventricular nuclei and terminates in the infundibular stalk and posterior lobe of the 
pituitary in close relation to vascular channels. Indicated in the figure on the right are 
the sites of lesions resulting in experimental diabetes insipidus. Destruction of the 
hypothalamic nuclei (1), or proximal transection of the infundibular stalk (2), is followed 
by greater polyuria than occurs after removal of the posterior lobe of the pituitary or 
distal transection of the infundibular stalk (3). (15a; 33-35). 


more fibers of the supra-optico-hypophysial tract are divided by proximal 
than by distal transection of the infundibular stalk (Fig. 3), retrograde de- 
generation of the supra-optic and paraventricular nuclei is, therefore, 
greater following the more proximally placed transection. When diabetes 
insipidus was induced by lesions placed at various levels of the hypothala- 
mic-neurohypophysial system, subsequent cell counts of the supra-optic 
nuclei revealed that severe diabetes insipidus did_not occur until approxi- 
mately 90 per gent of the cells of these nuclei had been destroyed ‘or dam- 
aged (34, 35)./Thus, the status of the hypothalamic nuclei, rather than of 
\ the posterior lobe of the pituitary, determines the presence or absence of 
diabetes insipidus. fr he anatomic studies showing that destruction of the 
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hypothalamic nuclei is requisite for induction of experimental diabetes 
insipidus have been given added significance by the demonstration that 
these nuclei produce the antidiuretic hormone. 


DIABETES INSIPIDUS IN MAN 


Etiology 


Diabetes insipidus may result from any disease in which localized lesions 


might damage the neurohypophysis or hypothalamus (36-38): 


n a third 


of a series of 65 patients seen at the Johns Hopkins Hospital since 1930 
(Table 1), diabetes insipidus was due to an intracranial tumor, either 


imary or metastatic, involving the hypothalamus or neurohypophysis. 
“In another third of the patients no specific etiology could be determined. 
In the remaining third, the diabetes insipidus was secondary to a wide 
variety of diseases. That the search for a specific etiology should be con- 


No. of 
patients 


TABLE 1. ETIOLOGY OF DIABETES INSIPIDUS IN A SERIES OF 65 PATIENTS 


7 
Etiology | 


Remarks 











| Intracranial tumor | 


Primary brain tumor 

Chromophobe adenoma 

Craniopharyngioma 

Metastasis from breast | 
carcinoma 

Metastasis from osteo- | 
genic sarcoma 


Diabetes insipidus developed postoperatively in 2 
Diabetes insipidus developed postoperatively in 3 


| Diabetes insipidus developed postoperatively in 4 





Unknown 


No etiology could be determined 





| Post-traumatic 





| Hand-Schiiler-Christian 


disease 
Hereditary, nephrogenic* 


Hereditary t 


Hereditary 

Leukemia 

Rubeola 

Sarcoidosis 

Nonspecific inflammatory 





reaction 


| Three of these patients were siblings 


Onset_3 to 21 days following head injury 


Not tested for Pitressin sensitivity; many mem- 
bers of family similarly affected 
Pitressin-sensitive 


Onset during febrile phase of rubeola 


Diagnosis established by operation for suspected 
brain tumor 





* Not true diabetes insipidus, because in this heritable disorder there is no antidiure- 
sis upon administration of Pitressin, thus differing from hereditary} pitressin-sensitive 
diabetes insipidus. 
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tinued during the follow-up period was demonstrated by 2 patients in the 
foregoing series who were considered to have ‘‘idiopathic”’ diabetes insipi- 
dus for three and five years, respectively, before the presence of an intra- 
cranial tumor in each became recognizable. 


Symptoms 

The symptoms of diabetes insipidus—polyuria and polydipsia—al- 
though remaining relatively constant in any one patient, vary in severity 
among different patients. In some of the patients listed in Table 1, urine 
volumes averaged only 4.5 to 5.5 liters daily, but in the_majority, urine 
volumes were in the range of_7 to 11 liters daily. Two factors may explain 
the difference in urine volumes between otherwise comparable patients: 
1) a reduced protein and salt intake decreases the solutes presented to the 
renal tubules, thus permitting a reduction in urine volume (4, 39, 40) ; and 
2) there is clinical evidence in addition to the previously cited experimental 
evidence to suggest that diabetes insipidus may result from_gartial as well 
as total deficiency of antidiuretic hormone. These observations will be 
discussed subsequently. 

In almost all patients in our series the onset of polyuria and polydipsia 
was abrupt. Most patients could date the onset of symptoms within a one- 
week or two-week period, and not infrequently the day and hour in which 
symptoms began were recalled. (A gradually progressive polyuria and poly- 
dipsia has been reported to occur occasionally in diabetes insipidus associ- 
ated with postencephalitic Parkinson’s disease (38).) 

It is noteworthy that most of the patients with diabetes insipidus ex- 
ressed a marked preference for iced water and would tolerate much in- 
onvenience to obtain it. When present, this preference for cold water is 
elpful in the differential diagnosis, for it seldom occurs in patients with 

primary, or psychogenic, polydipsia. There is no apparent explanation of 
this desire for iced water in patients with diabetes insipidus, unless it be a 
reflection of the primacy of polyuria (with dehydration) in this syndrome.‘ 

Diabetes insipidus not infrequently follows intracranial surgical pro- 
cedures directed at the pituitary gland or adjacent areas. The onset of 
permanent polyuria may be immediate or delayed, but occasionally there 
is another mode of onset, which has been shown to be characteristic for 
the diabetes insipidus induced in experimental animals by destruction of 
the hypothalamic nuclei 15)/ Following intracranial surgery there may 
be, initially, three to four daXs of polyuria and polydipsia succeeded by 
several days of normal urine volumes and lack of excessive thirst before 





4 Similarly, a preference for iced water is noted occasionally in — having 
polyuria consequent to renal disease. 





April, 1957 DIABETES INSIPIDUS 571 


recurrence of polyuria with the onset of the permanent phase of diabetes 
insipidus (Fig. 4). This mode of onset has been emphasized recently by 
Lipsett, Maclean, West, Li and Pearson (41), and it was evident in 4 of 
the 9 patients with postoperative diabetes insipidus recorded in Table 1. 
It has been suggested that the “normal interphase” (Fig. 4) may be due 
to release of preformed antidiuretic hormone from the pars nervosa; then, 
upon degeneration of the supra-optico-hypophysial tract, permanent dia- 
betes insipidus ensues (4). he previously mentioned concepts of anti- 


diuretic hormone formation and storage support this suggestion (9). In 
addition, the interphase of normal urine volumes and fluid intake does not 





SURGICALLY INDUCED DIABETES INSIPIDUS 





CAT 


TRANSIENT PHASE LATENT PHASE PERMANENT PHASE 


FISHER, INGRAM, 
RANSON. 1938. 
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Fia. 4. In the upper diagram are shown the daily urine volumes following operative 
destruction of the hypothalamic nuclei in the cat (replotted from Fisher, C., Ingram, 
W R. and Ranson, S. W., ref. 15a). In the lower diagram are shown the urine volumes 
of a patient following operative removal of a chromophobe adenoma (with inadvertent 
damage to the hypothalamus or neurohypophysis). The parallelism is striking. 
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occur in the experimental animal if diabetes insipidus is induced by re- 
moval of the posterior pituitary together with the infundibular stalk (34) 
—a procedure which removes previously formed antidiuretic hormone. 


Diagnosis 

The diagnosis of diabetes insipidus is usually established on the basis of 
history, laboratory findings and the patient’s inability to form a concen- 
trated urine except after administration of Pitressin. A history of polyuria 
and polydipsia may not be readily elicited if diabetes insipidus occurs in 
association with certain other endocrine deficiencies. Anterior pituitary 
insufficiency (42, 43), hypothyroidism (44) or adrenal insufficiency (45) 
may induce sufficient reduction in fluid and solute intake to lessen greatly 
the polyuria and polydipsia of co-existing diabetes insipidus. Hence, the 
presence of diabetes insipidus may not be suspected until initiation of sub- 
stitution therapy for the accompanying disorder. 

The patient with diabetes insipidus is often said to be unable, even after 
prolonged water deprivation, to form a concentrated urine. Some patients, 
however, are able to concentrate urine to a limited degree. Brown and 
Rynearson (46) reported 3 patients with diabetes insipidus in whom the 
specific gravity of the urine increased after water deprivation to 1.011, and 
a fourth patient in whom it increased _to 1.016. All exhibited an excellent 
response to Pitressin therapy. Kourilsky (47) subjected patients with sus- 
pected diabetes insipidus and no evident renal disease to twenty-four 
hours of water deprivation. Depending on the response, he divided them 
into three groups: 1) normal subjects—those whose urinary specific gravity 
increased to approximately 1.030; 2) patients with severe diabetes in- 
sipidus—those whose urinary specific gravity did not rise above 1.010; and 
3) patients with partial diabetes insipidus—those whose urinary specific 
gravity rose to between 1.010 and 1.024 (with an additional rise in specific 
gravity upon administration of Pitressin at the conclusion of the water 
deprivation period). Subsequently, autopsy was performed in 2 patients of 
this latter group; one had a destructive lesion in the posterior lobe of the 
pituitary, and the other had a lesion involving the supra-optic nuclei. We 
have seen a similar patient, in whom polyuria and polydipsia developed 
following a craniotomy for a suprasellar cyst. During water deprivation, 
this patient’s urinary specific gravity increased to 1.021, and her symp- 
toms, too, were controlled by administration of Pitressin. It seems probable 
that these patients with reduced renal concentrating function represent 
examples of partial deficiency of the antidiuretic hormone. This é¢vidence 
of partial deficiency in human subjects is supported by animal studies in 
which the severity of experimentally induced diabetes insipidus was de- 
termined by the location of the lesion. 

Although water deprivation may provide useful leiation its routine 
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use as a test procedure for patients with suspected diabetes insipidus has 
been largely abandoned. In a patient with diabetes insipidus, water dep- 
rivation for more than a few hours produces a distressing thirst, and ex- 
cessive dehydration may lead to alarming symptoms (47, 48). Thus, when 
subjected to prolonged water deprivation, such patients must be under 
constant surveillance in order to prevent either surreptitious drinking or 
excessive dehydration. As the presence of diabetes insipidus can usually be 
established by other means, this distressing and potentially hazardous pro- 
cedure seems seldom indicated. 

Other procedures devised to test the patient’s ability to form a con- 
centrated urine are the intravenous hypertonic saline test of Hickey and ‘ 
Hare (49), and the response to the administration of nicotine (18, 23, 50, 
51). Both tests produce an antidiuresis in the hydrated normal subject by 
causing a release of antidiuretic hormone from the pars nervosa (18, 21, 23). 
The administration of hypertonic saline fails to induce an antidiuresis in 
the patient with severe diabetes insipidus (49, 52). Unfortunately, this test 
is often improperly performed and, consequently, subject to misinterpreta- 
tion (see’Case report). The intravenous administration of hypertonic saline 
is contraindicated in most patients with cardiovascular disease. Moreover, 
the salt load given (0.25 ml. of 2.5 per cent sodium chloride per Kg. of body 
weight per minute for forty-five minutes) is apparently such a potent 
stimulus for the release of antidiuretic hormone that patients having a 
partial deficiency of this hormone may respond much as does the normal 
subject (41, 50). The response to hypertonic saline may, therefore, be diag- 
nostically misleading in patients with partial antidiuretic hormone de- 
ficiency. 

The subcutaneous administration of 1 to 3 mg. of nicotine acid tartrate 
(essentially the same effect is achieved by inhaling the smoke of 1 to 3 
cigarettes) also fails to induce an antidiuresis in the patient with diabetes 
insipidus, but promotes a prompt antidiuresis in the hydrated normal sub- 
ject (18, 23, 50, 51). This is a simple test procedure and deserves more wide- 
spread use, although it is no doubt unwise to administer nicotine parenter- 
ally to patients with coronary artery disease (53, 54). 





Differential diagnosis 


Patients with primary, or psychogenic, polydipsia present the most fre- 
quent problem in differential diagnosis. These patients often give a history 
of gradually increasing polyuria and polydipsia for months or years, in 
contrast to the abrupt onset of symptoms in most patients with diabetes 
insipidus. The marked preference for iced water noted in the majority of 
patients with diabetes insipidus is most_unusual in patients with psycho- 
genic polydipsia. 

Although these historical giite are helpful in suggesting the correct 
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diagnosis, objective criteria are desirable. Most helpful to us in providing 
such criteria has been a therapeutic test contrasting the effect of a placebo 





nut oil is used as the placebo; i in the nationt with psychogenic polydipsia 
there is often a marked reduction in thirst and urine volume, whereas in 
the patient with diabetes insipidus there is no significant response. The 
intramuscular administration twenty-four hours later of 0.2 ml. of Pitressin 
tannate is followed by a prompt reduction in thirst and urine volume in 
the patient with diabetes insipidus, whereas the patient with psychogenic 
polydipsia exhibits the same response as to the placebo, or continues to 
drink large amounts of water despite reduction in urine volume. 

Several other syndromes accompanied by varying degrees of polyuria 
and polydipsia must also be considered in the differential diagnosis. Among 
these are chronic renal disease (55), potassium deficiency (56), and heredi- 
tary nephrogenic diabetes insipidus (57). In the experimental animal, and 
possibly man (58), excess desoxycorticosterone acetate or cortisone may 
induce a diabetes insipidus-like state (59-61). In each of these syndromes 


there is either minimal or_no response to administration of Pitressin, and 


once considered as possibilities, there is usually no problem in diagnosis. 





Treatment 


The effect of diet on the polyuria of diabetes insipidus is often not con- 
sidered. Reduction in protein and salt intake has been shown to be an effec- 
tive means of reducing the urine volume of patients with this disease (39, 
62). Such dietary considerations may be important in the occasional pa- 
tient who takes large amounts of salt, and in the rare patient allergic to 
Pitressin. 

Today Pitressin is most_often_administered-intranasally as powdered 
pituitary extract or intramuscularly as Pitressin tannate in oil. A dosage of 
10 to 20 mg. of powdered extract intranasally administered several times 
daily provides effective control of symptoms (63, 64); but, as this form of 
therapy causes nasal irritation in many patients, we have used it only occa- 
sionally. 

In this clinic the most extensive experience has been with the use of 
Pitressin tannate in oil. A dosage of 0.2 to 0.3 ml. intramuscularly every 
one and a half to three days is almost invariably sufficient, and we have 
not observed any allergic reactions to this preparation. It is insoluble in 
vegetable oil, so the ampoules should be slightly warmed and must be 
shaken vigorously immediately prior to administration. Each year, 1 or 2 pa- 
tients are referred because of apparent refractoriness to Pitressin tannate. 
With a single exception, each of these patients has had the expected re- 
sponse to the drug when it was shaken immediately prior to injection. The 
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single exception was due to a defective preparation, and antidiuresis fol- 
lowed injection of a new “lot number” of Pitressin tannate. 

As in any chronic disease, the cost of therapy must be considered. Pos- 
terior pituitary powder for intranasal use is available in bulk or, more con- 
veniently, in 45-mg. capsules. Pitressin tannate is available only in 1-ml. 
ampoules, so it is more economical and convenient to provide the patient 
with a multiple-dose vial. This can be accomplished by careful transfer of 
the contents of from five to ten 1-ml. ampoules into a sterile 10-ml. rubber- 
capped vial. When so supplied, the cost of Pitressin tannate therapy is 
comparable to that of the capsules of posterior pituitary powder. 

Many textbooks recommend 1 ml. of Pitressin tannate (5 units) as the 
proper single dose. Our experience, as well as that of others (65, 66), indi- 
cates that this is a much larger amount than necessary; moreover, in the 
patient with psychogenic polydipsia, a dose of 1 ml. is not without danger 
(see Case report). 


POLYURIA AND POLYDIPSIA—-CASE PRESENTATION 


Recently seen was a patient whose case history illustrates some of the 
difficulties encountered in the diagnosis and treatment of patients with 
polyuria and polydipsia. 

M.P. (JHH#168511), a 41-year-old white woman, was seen in the outpatient clinic 
with the complaints of progressive polyuria and polydipsia for twenty years. These symp- 
toms had increased during the preceding year, and urine volumes were estimated by the 
patient at 10 to 20 quarts daily. She arose four to five times nightly to urinate and, while 
up, would drink water. There was_no preference for iced water. 

The patient had been recently hospitalized. Noted in the record of that hospitaliza- 
tion were 24-hour urine volumes of 6,000 to 7,200 ml. with an unrestricted fluid intake. 
Because of an operative procedure, fluids had been restricted during one day to 2500 
ml., and the urine volume on this day was gnly 950 ml. Subsequently, an intravenous 
hypertonic saline test (49) was attempted; as no antidiuresis resulted from the salt 
administered, the response was interpreted as indicative of diabetes insipidus. (In this test 
the patient received only one fifteenth of the usually recommended amount of sodium 
chloride; the total amount given over fifteen minutes should have been given over each 
one-minute period, t.e., 0.25 ml. of 2.5 per cent NaCl per Kg. per minute for fifteen 
minutes.) It was also recorded that the patient had epilepsy with mental retardation and 
had previously been observed in several episodes of hysteria. Relevant laboratory data— 
concentration of blood sugar 92 mg. per 100 ml., nonprotein nitrogen 25 mg. per 100 ml., 
serum proteins 6.6.Gm. per 100 ml., and serum chloride 104 mEq. per liter; red blood 
cell count 5.5 million per cu.mm., specific gravity of urine 1.003, and only an occasional 
white blood cell in the urinary sediment. Skull roentgenograms and an intravenous 
pyelogram were unremarkable. 

With the foregoing information, and despite the fact that a morning urine brought 
to the clinic had a specific gravity of 1.014, the patient was thought to have diabetes 
insipidus. Consequently, she was given 1.0 ml.° of Pitressin tannate intramuscularly 





5 This dose was recommended in. a standard textbook. 
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and told to return in three days. One and a half days after this injection, the patient 
was admitted to the hospital with the history that for eighteen hours following the 
administration of Pitressin tannate she had continued to drink the usual amounts of 
water. Then headache, hiccups and nausea developed. She became stuporous and dis- 
oriented, and was admitted to the hospital some hours later in this state. 

Physical examination revealed a small, poorly nourished female who was stuporous 
and combative. The blood pressure was 110/70 mm.Hg, respirations 20 per minute, 
temperature 99.2° F., and weight 42 Kg. The mucous membranes were moist and, al- 
though the patient had taken no fluids during the preceding eighteen hours, she did not 
seem dehydrated. There was no periorbital or peripheral edema. The neck was flexible, 
there was no papilledema, and tendon reflexes were slightly hypoactive. 

Laboratory data—Urine: specific gravity 1.013, no albumin, and an occasional WBC 
in the sediment. Blood: concentration of nonprotein nitrogen 25 mg. per 100 ml., sugar 
96 mg. per 100 ml., and serum sodium 123 mEq., chloride 87 mEq., and CO: combining 
power 23 mEq. per liter. Cerebrospinal fluid: clear, pressure 110 mm.H,O, protein 
concentration 40 mg. per 100 ml., and WBC count 2 per cu.mm. 

A diagnosis of water intoxication was made, the explanation being that the patient’s 
excessive water drinking had not been affected by the large dose of Pitressin which had 
caused a prolonged antidiuresis. For the first twenty-four hours in the hospital, fluid 
intake was restricted to 600 ml., and during this time the patient excreted 1800 ml. of 
urine. She then became alert, oriented and cooperative, and the serum sodium and 
chloride concentrations gradually increased to normal. Subsequently, there was clear-cut 
antidiuresis following intravenous administration of hypertonic saline (49). 

Since discharge from the hospital the patient has cooperated in reducing her daily 
fluid intake and now is free of excessive thirst and urinary frequency. She has no noc- 
turia, drinks 4 to 6 glasses of liquid daily, and serum electrolyte concentrations are nor- 
mal. 


DISCUSSION OF CASE REPORT 


There are several points in this patient’s history and hospital record that 
might well have suggested that she did not have diabetes insipidus. Among 
these were the slowly progressive nature of the polyuria and polydipsia, no 
preference for iced water, and one 24-hour urine volume of only 950 ml. 
with a fluid intake of 2500 ml. That the patient had been observed in sev- 
eral episodes of hysteria was an additional factor to suggest the possibility 
of psychogenic polydipsia. Although a urinary specific gravity of 1.014 is 
not necessarily inconsistent with partial deficiency of antidiuretic hormone, 
it would be unusual to achieve this concentration except after an uncom- 
fortable period of water deprivation. The absence of antidiuresis following 
intravenous administration of an inadequate amount of hypertonic saline 
provided misleading information.*® The final discharge diagnosis of psy- 








® Other instances of improper procedure in the conduct of this test devised by Hickey 
and Hare (49) are not infrequent. The continued ingestion of water during infusion of 
hypertonic saline modifies the antidiuretic response (52) and, in our experience, is the 
most common precedural error. . 
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chogenic polydipsia was corroborated by the subsequent disappearance of 
polyuria and polydipsia. 

One danger in the use of Pitressin tannate therapy is demonstrated by 
this case report. Water intoxication was confirmed by both the history and 
hospital course. Undoubtedly, this would have been less severe had the 
patient not continued to drink after the onset of symptoms. Water intoxi- 
cation may also occur in patients with diabetes insipidus (and in normal 
subjects) who continue to drink, or are forced to drink large amounts of 
fluid following administration of Pitressin (65-69). In hydrated subjects, 
a dose of 50 milliunits of Pitressin is sufficient to induce a maximal anti- 
diuretic response, and this antidiuresis may be prolonged by increasing 
the dosage (70). The increased duration of maximal effect probably ac- 
counts for the greater likelihood of water intoxication with 1 ml. of Pitressin 
tannate (5 units) as compared with smaller amounts. 

Additional complications of Pitressin therapy occur occasionally. Pitres- 
sin tannate may cause such excessive menstrual bleeding that it must be 
omitted during menstruation (65). Rarely, the administration of -gther 
preparations of posterior pituitary extract is followed by profound hypo- 
tension (71, 72) or anaphylaxis (73), but such reactions following injection 
of Pitressin tannate have not, to our knowledge, been reported. 





SUMMARY 


In patients with suspected diabetes insipidus, the differential diagnosis 
frequently taxes the ingenuity of the physician. Helpful in providing a 
basis for study of such patients is the correlation of current concepts of 
antidiuretic hormone formation and storage with previously acquired 
knowledge of the pathogenesis of experimental diabetes insipidus in ani- 
mals. 

Despite an extremely varied etiology, the onset of symptoms in most 
patients with diabetes insipidus is abrupt. Although, conventionally, dia- 
betes insipidus is considered to be either present or totally absent, there 
is evidence to suggest that partial deficiency of antidiuretic hormone 
is clinically recognizable. Some aids in the differential diagnosis of the 
syndrome of polyuria and polydipsia are reported; among these is the use 
of a therapeutic test contrasting the effect of a placebo with that of a small 
amount of Pitressin tannate. = © 

Effective treatment of patients with diabetes insipidus is provided by 
replacement antidiuretic therapy. When Pitressin tannate in oil is used, 
excellent control may be obtained with the use of 0.2 to 0.3 ml. intramuscu- 
larly every one and a half to three days—a dosage far lower than that rec- 
ommended in many texts. One patient with psychogenic polydipsia in 
whom water intoxication developed after the administration of 1 ml. of 
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Pitressin tannate illustrates not only the difficulty of correct diagnosis in 

such patients, but also a serious potential danger in the use of this drug. 
WiuiaM C. Tuomas, Jr., M.D.t 

The Division of Metabolism and Endocrinology, 
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The Johns Hopkins University and Hospital, 

Baltimore 5, Maryland 
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THE 1957 ANNUAL MEETING 


The Thirty-ninth Annual Meeting of The Endocrine Society will be 
held in the Hotel New Yorker, New York City, Thursday, Friday and 
Saturday, May 30 and 31, and June 1, 1957. 

A joint session will be held with The American Goiter Association on 
Thursday morning, May 30, and a joint session with The American 
Diabetes Association on Saturday morning, June 1. Both of these joint 
sessions will be held in the meeting room of The Endocrine Society in the 
Hotel New Yorker. Admittance of members of the A. G. A. to the Thurs- 
day morning session, and of members of the A. D. A. to the Saturday 
morning session will be by badges of their respective societies. 

The Committee on Local Arrangements is Dr. Rulon W. Rawson as 
Chairman with Drs. Earl T. Engle, Joseph W. Jailer, Warren O. Nelson, 
and Martin Sonenberg as members of the Committee. 

All Scientific Sessions will be held in the Hotel New Yorker. The rooms 
in which each session will be held will be announced in the program and on 
the hotel bulletin board. The Annual Dinner is scheduled for Friday, May 
31, at 7:30 p.m., preceded by cocktails at 6:30 p.m. 

All members are urged to make hotel reservations immediately inas- 
much as the hotels expect to be filled to capacity. Make reservations di- 
rectly with the New Yorker, advising time of arrival and departure date. 
Make your reservations now and avoid disappointment. 
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Monte A. Greer and Herbert F. Shull (15 minutes). 
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Rosalind Pitt-Rivers, Douglas V. Hubble and W. H. Hoather (15 minutes). 
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James C. Melby, Richard H. Egdahl and Wesley W. Spink (introduced by Robert A. 
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6. INTERACTIONS OF HyDROCORTISONE AND THYROTROPIN ON THE HORMONAL SECRE- 
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Paul Starr* and Albert Lepp. 
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J. J. Rupp*, C. Chavarria, J. Brunet and K. E. Paschkis.* 
















II. 2:00 p.m.—ADRENAL 






Grand Ballroom, Hotel New Yorker 
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. FurtTHER STUDIES OF ALDOSTERONE INDUCED HYPERTENSION IN Rats. 
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11. CHANGES IN THE Doc ADRENAL Cortex FoLLOwING ExPERIMENTALLY-PRODUCED 
MILD oR SEVERE CarpDIAC VALVULAR DAMAGE. 
Helen Wendler Deane* and A. Clifford Barger. 
12. RELATIONSHIP OF HyPERTENSION TO STEROID FoRMATION BY INCUBATED HUMAN 
ADRENAL TISSUE. 
David Y. Cooper* and Joseph C. Touchstone.* 
13. RELATIONSHIP BETWEEN HypRocoRTISONE BLoop LEVELS, DISAPPEARANCE RATES 
AND DuRATION AND DEGREE OF LIVER GLYCOGEN DEPOSITION RESPONSE. 
E. Myles Glenn, R. O. Stafford* and B. J. Bowman. 
14. IsoLATION oF A NEw STEROID FROM URINE. 
Wojciech Nowaczynski, Thomas Sandor, Erich Koiw and Jacques Genest.* 
15. Some Properties oF A StEeRom A‘-5a-HypROGENASE FROM Rar Liver Homoe- 
ENATE. 
Enrico Forchelli* and Ralph I. Dorfman.* 
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Richard P. Doe, John P. Street, Jack A. Vennes and Edmund B. Flink.* 
ADRENAL-THYROID RELATIONSHIPS IN MAN StupIEp BY MEANS OF HypRocoRTI- 
SONE-4-C4, 
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A. M. Barrett, Kent Acomb and George Sayers.* 

EvIpENCE or AN ACTH-RE.LEAsING NEUROHUMOR IN PERIPHERAL BLOOD. 

A. Brodish and C. N. H. Long.* 


INTERMISSION 


Gordon Farrell,* Elizabeth W. Rauschkolb, Ronald B. Fleming and Frank M. Yatsu 
(invited paper, 20 minutes). 

Errects oF Puririep BEEF AND Monkey GrowtH HoRMONE ON THE CosToO- 
CHONDRAL JUNCTION OF HYPOPHYSECTOMIZED MONKEYS. 

E. Knobil,* A. Morse, R. C. Wolf,* A. E. Wilhelmi,* D. Phil* and R. O. Greep.* 

Errects of Human GrowtTH HorMONE IN HYPOPHYSECTOMIZED PATIENTS. 

O. H. Pearson,* M. B. Lipsett,* E. Greenberg and B. S. Ray. 

MECHANISMS OF PoLyuRIA IN HypoPpHYSECTOMIZED MAN. 

J. F. Dingman,* A. G. Jessiman, R. H. Despointes, W. G. Hammond, D.D. Matson, 
K. Emerson, Jr.* and F. D. Moore. 

Hy: ocitcemic Hypercatcuria DurinG VITAMIN D AND DIHYDROTACHYSTEROL 
THERAPY OF HyPpopARATHYROIDISM. 

Jorge Litvak, Mare Moldawer,* Anne P. Forbes* and Philip H. Henneman.* 
























April, 1957 THE ENDOCRINE SOCIETY 587 


VI—ANNUAL DINNER AND PRESENTATION OF THE SOCIETY’S 1957 
AWARDS 


SATURDAY, JUNE 1, 1957 
VII. 9:00 a.m.—DIABETES AND METABOLISM 
JOINT SESSION WITH THE AMERICAN DIABETES ASSOCIATION 


Grand Ballroom, Hotel New Yorker 
Chairmen: L. W. Kinsell and F. D. W. Lukens 


. Errect or GRowTH HoRMONE ON GLUCOSE PRopUCTION, UTILIZATION AND INSULIN 
RESPONSE IN HYPOPHYSECTOMIZED Dogs. 
N. Altszuler,* R. Steele, J. S. Wall and R. C. de Bodo.* 
. GLUCOSE PENETRATION INTO LIVER. 
George F. Cahill, Jr., A. Scott Earle and James Ashmore.* 
. GLUCAGON AND RENAL FUNCTION. 
H. Elrick, E. Huffman, C. Hlad, N. Whipple and A. Staub (introduced by Gilbert S. 
Gordan*). 
. THE Errect oF INSULIN ON MUCOPOLYSACCHARIDE TURNOVER IN Rat SKIN. 
Sara Schiller* and A. Dorfman. 
. FUNCTIONAL AND MoRpHOLOGIC STUDIES ON THE EFFECT OF ORINASE ON THE 
PANCREAS. 
Sydney S. Lazarus* and Bruno W. Volk* (invited paper, 20 minutes). 


INTERMISSION 


. PENTOSE AND GLUCOSE StupiES INCLUDING CARBOHYDRATE TOLERANCE USING 
INTRAVENOUS ARYLSULFONYLUREAS SUBSTITUTED FOR INSULIN. 
Thomas F. Frawley,* Stanton Segal, Mary M. Camus and Joseph B. Foley. 
. Errects oN Bioop Suaar or A New Potent Hypociycemic CoMPounn. 
Robert L. Nielsen,* Heidi E. Swanson,* D. C. Tanner* and Robert H. Williams.* 
. GLUCOSE UTILIZATION BY THE LEUCOCYTES OF PATIENTS WITH DIABETES MELLITUS. 
Mary E. Dumm.* 
. THe ADRENAL MEDULLARY RESPONSE TO INSULIN-INDUCED HypoGLYCEMIA 
Alan Goldfien,* Robert Moore,* Sheref Zileli,* Lenore Boling* and George W. Thorn.* 
. Errects or STerRoips or Non-Corticoip CONFIGURATION UPON LIPID AND CARBO- 
HYDRATE METABOLISM. 
George D. Michaels and Laurance W. Kinsell.* 
. Catcrum-45 Dynamics IN HumAaN MeEtTaBo.ic Bone DISEASE. 
Robert P. Heaney and G. Donald Whedon.* 


VIII. 2:00 p.M.—CLINICAL SESSION 
Grand Ballroom, Hotel New Yorker 
Chairman: E. C. Reifenstein, Jr. 
I. Symposium on Hormone Therapy and Pregnancy 


A. THerapy To A1ip CONCEPTION. 
E. T. Tyler.* 
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. THERAPY TO MAINTAIN PREGNANCY. 
W. M. Allen.* 
C. THerapy To Controu PostpartuM BREAST MANIFESTATIONS. 
J. J. Gold.* 
. Discussion. 










INTERMISSION 







II. Symposium on Irradiation Therapy for Endocrinopaihies 


A. THERAPY FOR ADRENAL DISORDERS. 
J. W. Jailer.* 

B. THERAPY FOR GONADAL DISORDERS. 
A. E. Rakoff.* 

C. THERAPY FoR THYROID DISORDERS. 
M. Sonenberg.* 

D. VIEWPOINT OF THE RADIOLOGIST. 
L. H. Garland (by invitation). 

{. DIscussION. 












TO BE READ BY TITLE 
(Papers #54-#71) 










THE 1957 AWARDS 


The selection of the recipients of the awards of The Endocrine Society 
is made by a Committee appointed by the Council of the Society. These 
awards and fellowships carry no obligation by the recipient to the Society 
or to the donors. 












MEDAL OF THE ENDOCRINE SOCIETY 


In 1954 the Council of the Society voted to establish a medal and an 
honorarium of $1,000 to be given to an individual for work of special dis- 
tinction in endocrinology. The recipient shall be chosen from nominations 
presented by members of the Society and is limited to citizens of the 
United States and Canada. Dr. Carl R. Moore was the recipient in 1955 
and Dr. Frederick L. Hisaw in 1956. 







THE CIBA AWARD 


The Ciba Award, to recognize the meritorious accomplishments of an 
investigator not more than 35 years of age in the field of clinical or pre- 
clinical endocrinology, was established in 1942, but no recipient was se- 
lected in 1942 or 1943. In 1944 the Award was presented to Dr. E. B. 
Astwood; 1945—Dr. Jane A. Russell; 1946—Dr. Martin. M. Hoffman; 
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1947—-Dr. Choh Hao Li; 1948—Dr. Carl Heller; 1949—Dr. George Sayers; 
1950—Dr. Oscar M. Hechter; 1951—Dr. Albert Segaloff; 1952—Dr. 
Seymour Lieberman; 1953—Dr. Sidney Roberts and Dr. Clara Szego (Mrs. 
Roberts) ; 1954—-Dr. Isadore M. Rosenberg; 1955—Dr. Jack Gross; 1956— 
Dr. Alfred M. Bongiovanni. Prior to 1952 the Award was $1,200. It is now 
$1,800. If within twenty-four months of the date of the award, the recipi- 
ent should choose to use it toward further study in a laboratory other than 
that in which he is at present working, it will be increased to $2,500. 


THE AYERST AND THE SQUIBB FELLOWSHIPS 


The Ayerst Fellowship was established in 1947 and the Squibb Fellow- 
ship in 1956. They are designed to assist men or women of exceptional 
promise in furthering their advancement towards a career in endocrinology. 
Each Fellowship is awarded on alternate years and the stipend, which will 
not exceed $5,000, may be divided into two Feilowships in varying amounts 
in accordance with the qualifications of the appointees. Individuals pos- 
sessing the M.D. or Ph.D. degree, or candidates for either of these degrees, 
are eligible for appointment. 

Applicants must submit the following information: 

1. Evidence of scientific ability as attested by studies completed or in 

progress. 

2.. Recommendations from individuals familiar with the candidate and 

his work. 

3. A proposed program of study. 

4. Acceptance of the individual by the head of the department in which 

the Fellowship will be held. 

. A statement that he or she will serve full time if awarded a Fellow- 
ship. A small amount of time (10 to 15 per cent) may be spent in 
course work or participation in teaching, the latter purely on a volun- 
tary basis. 


THE SCHERING AND THE UPJOHN SCHOLARS OF 
THE ENDOCRINE SOCIETY 


The Council of The Endocrine Society has established a category of 
Scholars. These grants have been made available through the generosity of 
the Schering Corporation and the Upjohn Company, and will be awarded 
to established investigators and teachers in the field of endocrinology who 
wish to extend their opportunities for work either in this country or abroad. 

The awards will not exceed $2,500 annually for each individual and will 
be granted on the basis of proposals submitted by the applicant. Such ap- 
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plications should include the estimated financial needs. The funds may be 
used for travel, maintenance and other expenses. 
Nominations 

Nominations for the Medal of the Endocrine Society; the Ciba Award; 
and the Ayerst and the Squibb Fellowships may be made by any mem- 
ber of The Endocrine Society. They should be submitted on forms which 
may be obtained from the Office of the Secretary, 1200 North Walker 
Street, Oklahoma City 3, Oklahoma. Completed nominations should be 
returned to the Secretary not later than November 1 each year. 

Proposals for appointments as Scholars of The Endocrine Society should 
be made in writing by the individual, and addressed to the Secretary of 
the Society. They should be submitted by November 1 each year. 

The Awards Committee will meet in November and notice of awards to 
successful nominees and applicants will be made not later than December 1. 


| 


e American Goiter Association 


THE 1957 ANNUAL MEETING 


The next Annual Meeting of The American Goiter Association will be 
held in the Statler Hotel, New York City, on May 28, 29 and 30, 1957. 


NINTH INTERNATIONAL CONGRESS ON 
RHEUMATIC DISEASES 


The Ninth International Congress on Rheumatic Diseases will be held 
in the Royal York Hotel, Toronto, Ontario, Canada, June 23-28, 1957, 
under the auspices of the Canadian Rheumatism Association. All cor- 
respondence should be addressed to Post Office Box 237, Terminal ‘‘A,”’ 
Toronto, Ontario, Canada. 


COURSES IN PEDIATRICS 


The following short refresher courses will be given at The Children’s 
Hospital of Philadelphia in May and June 1957: 


1. Pediatric advances for pediatricians and general practitioners. May 27 through 
May 31, 1957. Conducted by the Staff of the Children’s Hospital of Philadelphia, 
in collaboration with the Department of Pediatrics of the University of Penn- 
sylvania and the Staff of the Camden Municipal Hospital. Tuition, $110.00. 

2. Practical pediatric hematology. June 3, 4 and 5. Conducted by Irving J. Wolman, 
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M.D. and other members of the Hematology Department of the Children’s 
Hospital, under the auspices of the Graduate School of Medicine, University of 
Pennsylvania. Tuition, $75.00. 

. Blood group incompatibilities and erythroblastosis fetalis. June 6 and 7. Conducted 
by Neva Abelson, M.D. and Thomas R. Boggs, Jr., M.D. of the Philadelphia 
Serum Exchange of the Children’s Hospital of Philadelphia, under the auspices 
of the Graduate School of Medicine, University of Pennsylvania. Tuition, $50.00. 


Inquiries should be addressed to Irving J. Wolman, M.D., Children’s 
Hospital of Philadelphia, 1740 Bainbridge Street, Philadelphia 46, Pa. 


FOURTH PAN-AMERICAN CONGRESS ON 
f : ENDOCRINOLOGY 


The Fourth Pan-American Congress on Endocrinology will be held in 
Buenos Aires, November 3 to 9, 1957, presided over by Prof. Bernardo A. 
Houssay, and organized by the Argentine Society of Endocrinology and 
Metabolism. 


Membership fees: Active members: $15.00 U. S. 
Adherent members: $10.00 U. S. 
Associate members: $10.00 U. 8. 


Communications: Each active member of the Congress will be allowed 
to submit more than one paper, but will be entitled to present personally 
a single communication. Authors should send two copies of the abstract of 
the communication not exceeding 260 words, typewritten, double spaced on 
letter-size paper. No tables or illustrations may be included. At least one 
of the authors must be registered as an active member of the Congress. 

The deadline for the receipt of communications is June 15, 1957. 

For further information, booklet, circular, etc. write to: Fourth Pan- 
American Congress on Endocrinology, Asociacion Medica Argentina, 
Santa Fe 1171, Buenos Aires, Argentina. 


INTERNATIONAL MEDICAL-SURGICAL MEETINGS 


From: June 1 to 9, 1957, the palace of ‘“Torino-Esposizioni” will again 
open for physicians, surgeons and specialists in all fields of the medical 
sciences who will meet here for the Third International Medical-Surgical 
Meetings—Conference on Scientific Films. 

Of world-wide importance will be the International Congress on Nuclear 
Medicine, the International Congress on Photobiology and the Inter- 
national Congress on the Problems of Goitre. Of the seven national con- 
gresses, those on Chemiotherapy, on Gastroenterology and the Spring 
Session of the National Congress of the Italian Society of Surgery are 
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worthy of particular note; the International Symposia include such ex- 
ceptional events as the Symposium of the European Society of Cardio- 
vascular Surgery, the associated Meetings on Cardiosurgery and the 
Symposium on Artificial Heart-Lung Machines. 

Address correspondence to: Segreteria Generale, Minerva Medica, Corso 
Bramante 83-85, Turin, Italy. 


SYMPOSIUM ON RECENT DEVELOPMENTS IN RE- 
SEARCH METHODS AND INSTRUMENTATION 


Sponsors—The Washington Sections of the American Chemical Society, 
Instrument Society of America, Society of American Bacteriologists, 
American Association of Clinical Chemists, Society for Experimental 
Biology and Medicine, and Professional Group on Medical Electronics of 
the Institute of Radio Engineers. Held in conjunction with the Seventh 
Annual Research Equipment Exhibit, May 13-15, 1957, at the Clinical 
Center Auditorium, National Institutes of Health, Public Health Service, 
U.S. Department of Health, Education and Welfare, Bethesda, Maryland. 


STATEMENT BY THE UNITED NATIONS SCIENTIFIC 
COMMITTEE ON THE EFFECTS OF ATOMIC 
RADIATION 


The Scientific Committee on the Effects of Atomic Radiation established 
by the United Nations General Assembly accepts the view that the irradia- 
tion of human beings, and especially of their germinal tissue, has certain 
undesirable effects. 

Information received so far indicates that, in certain countries (Sweden, 
United Kingdom, United States of America), by far the most important 
artificial source of such irradiation is the use of radiological methods of 
diagnosis and that this may be equal in importance to radiation from all 
natural sources. It is possible that such radiation may be having a signifi- 
cant genetic effect on the population as a whole. 

The Committee is fully aware of the importance and value of the medi- 
cal use of radiations but wishes to draw the attention of the medical pro- 
fession to these facts and to the need for a more accurate estimate of the 
amount of exposure from this source. The help of the medical profession 
would be most valuable to make it possible to obtain fuller information on 
this subject. 

The Committee would be particularly grateful for information through 
appropriate governmental channels on ways in which the medical irradia- 
tion of the population can be reduced without diminishing ~ true value 
of radiology in diagnosis or treatment. 





BOOK REGISTER 


Low-Fat Cookery. By Evetyn 8. Strap and Gioria K. Warren, with an introduction 
by Evaene A. Strap, Jr., M.D. and James V. WarREN, M.D. As a measure 
to help obese persons, heart patients, or diabetics, this book offers a positive 
way to weight control; 184 pages; 1956. McGraw-Hill Book Company, Inc., 
New York, N. Y. Price $3.95. 


Lymphatics, Lymph and Lymphoid Tissue. By Joseph Menpeu Yorrey, D.Sc., M.D., 
F.R.C.S., Professor of Anatomy, University of Bristol and Freprerick CoLin 
Courtice, M.A., D.Puit, D.Sc., F.R.A.C.S., Director, Kanematsu Memorial 
Institute of Pathology, Sydney Hospital, Sydney. This book constitutes a 
thorough revision of C. K. Drinker and J. M. Yorreys’ book by the same 
name, long out of print. It deals with the essential problems of the interior of 
body cells. To do this involves an up-to-date account of the details of capillary 
structure, the factors governing capillary permeability, the extra-vascular cir- 
culation of protein, and many related topics. Special consideration is given to 
the lymphatic drainage of various regions and tissues in relation to their func- 
tion. Lymphoid tissues are dealt with chiefly from the point of view of their 
function in health. This is the only book of its kind; 510 pages; 99 figures; 
1956. Published for the Commonwealth Fund by Harvard University Press, 
Cambridge, Massachusetts. Price $10.00. 


Medical Sciences. Volume 1 of Progress in Nuclear Energy, Series VII. Edited by J. C. 
Buauer, The Rockefeller Foundation, New York, J. Coursaacet, C. E. A., 
Saclay, and J. F. Loutir, Medical Research Council, A.E.R.E., Harwell. 
The various chapters deal with radioactive isotopes in medical diagnosis, the 
the diagnosis and investigation of disease with radioactive isotopes, nuclear 
radiations for radiotherapy with external sources, radioactive materials for 
internal therapy, principles and standards of radiation safety, health and 
safety activities in reactor and chemical processing plants, and dosimetry of 
ionizing radiation; 165 pages; 1956. McGraw-Hill Book Co., Inc., New York, 
and Pergamon Press, London. Price $6.00. 


Modern Office Gynecology. By GrorcE Buinick, M.D., F.A.C.S., Attending in Obstetrics 
and Gynecology, Beth Israel Hospital, and Assistant Clinical Professor of Ob- 
stetrics and Gynecology, New York University College of Medicine, New York, 
and SHERWIN A. KaurMaNn, M.D., F.A.C.S., Associate Attending in Obstetrics 
and Gynecology, Beth Israel Hospital, New York. This book is intended for 
everyday use by both the general practitioner and gynecologist for on-the-spot 
diagnosis and therapy in office practice. The first section is a discussion of com- 
mon gynecologic symptoms, with tables for differential diagnosis. The second 
section consists of a gallery of drawings. The third section consists of a concise 
and up-to-date review of the more specialized aspects of office gynecology, in 
the form of a bibliography with abstracts; 218 pages; 47 illustrations; 1957. 
Lea & Febiger; Philadelphia. 


Physiology and Pathology of the Kidney. The British Medical Bulletin, Volume 13, Janu- 
ary, 1957. This is a symposium, written by clinicians, which is a sample of work 
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in progress at the present time. The advances in medicine over the last twenty- 
five to thirty years largely arise from the application of physiology to clinical 
medicine. Nature poses certain problems such as renal edema, aminoaciduria 
and chronic renal failure which are difficult, if not impossible, to reproduce in 
the experimental animal, and which must therefore be studied in man. Under 
the chairmanship of Professor Robert Platt of the University of Manchester, 
a group of distinguished British clinical investigators, pathologists, radiologists, 
physiologists, biochemists and medical physicists interpret the ways of the kid- 
ney in health and disease. Published by the Medical Department, The British 
Council, 65 Davies Street, London, W.1, England. Price $3.25. 


Problems of Aging. Edited by Rosert L. Craig, M.D. A Symposium presented at the 
Twenty-Eighth Annual Graduate Fortnight of The New York Academy of 
Medicine, October 10 to 21, 1955. All of the papers have been published serially 
during 1956 in The Bulletin of the New York Academy of Medicine, and repre- 
sent the work of prominent investigators in the field of aging. The collection is 
meant to serve as a reference, not only for the practicing physician, but for 
those in other fields who may wish to review in concise form the many problems 
in gerontology; 240 pages, illustrated; 1956. Distributed by George Eliot, Med- 
ical and Scientific Books, New York 21, N. Y. Price $3.50. 


The Hazards to Men in Ships Lost at Sea, 1940-44. Medical Research Council Special 
Report Series, No. 291, by R. A. McCancsz, C. C. Unatey, J. W. L. Crosrinn 
and E. M. Wippowson; paper; 44 pages; 17 tables; 8 figures; 1956. Her 
Majesty’s Stationery Office, London, England. Price 5s. 0d: net. 


Transactions of the Josiah Macy, Jr. Foundation Conferences. Publications Office, 16 West 


46th Street, New York 36, N. Y. 


Administrative Medicine Fourth Conference, Oct. 31-Nov. 2, 1955, Princeton 
N.J. Edited by Grorce S. Stevenson, M.D., National and Inter- 
national Consultant, National Association for Mental Health, New 
York, N. Y. Contents—Measuring needs for medical and related 
services, health insurance plan of Greater New York, assessment of 
quality of services in a group practice prepayment plan, assessing 
effectiveness of programs in operation, study of the quality of medical 
care, assessment of quality of services in the Boston Metropolitan 
area, and British experience in appraising adequacy of medical care; 
251 pages; 1956. Price $4.25. 

Glaucoma. First Conference, Dec. 5-7, 1955, Princeton, N. J. Edited by Frank 
W. Newett, M.D., Department of Surgery (Ophthalmology), The 
University of Chicago, Chicago, Illinois. Contents—A review of angle- 
closure glaucoma, central control of intraocular pressure, and physi- 
ologic and pharmacologic factors influencing the resistance to aqueous 
outflow: 251 pages; illustrated; 1956. Price $4.50. 





